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j^j^ ils»jjt>t.4 ^r-^ij Ac^^i <ij^ 



0>^^>-ll 



J^JlI) ia-^^l j-^lj iuyJl oUJUJlj ^^r ^IJ '^jA ySA \ JLilj ^^JLij - 

. ^^.^JbJl .t..^ ^jJl ^>l ^ (^L>o! y^XA U^^^-JbJl «i..>^ cH^Ji c5^>iJl 

A^jjJl iiJJl «-4jf j_^ J-^^J^ J-^ ^^jJLiJl ^ijlil aJj^' ij-*J^l^l ^^-^ Kr-Jb^^lS* 

.ulJlDI ^Ull ^^ 4^:>l5'l j.^j cSyhUJl J 
xy\\ y.x.j t^_^^l - ^^^1 0->ai ^^1 j^JlI ^ c!^L rOjlj^* ,_r^j _ 

. K>j. :;! iic«U- j_^ ili*-i1 :^tiJ»JL]^ .J jUjj _ 



. ^j^^l _ ^\J\ iS^ M*^ C5* ^^W •^^^ • j^J^i-^ 305^ t^->^ - 

. 15L>J. - 013^ iij^^^i (FNRS) ^^^1 ti^ oi^^l i— jil : jVT ^ijJUt - 

.LJy - ,^1 .1^ ^^1 j^>l ^^ d^i> : V^.^ *^ <:jW- - 

. ^j^^\j - (College de France) ^ly ji ^j^ : Jl^ A^jXl _ 

. j^ tSybUJi ^ UyJl oL-ljjJJ t/rr^j^j^l ^» ^--^ "V"'^ ^J^ - 

.ij>-^jl - ^\ ^d^liJ (i3j JL4*>. : Ju-^ - glSL- J^l - 



O^^^^JUl 



. OjjJl ^^_^JL*j1 ^ijl» <^j*jijjt ''^j^ ^\ju\ ^j-w-iilj t L-J^ - {j'-^HJ ^J^W" 4LiiLs^LjJl 

.(1) j_;-jjL 4jc«L>- ^ SLl-»i :i»j-Jil t5jJb .^ _ 

.oLUi 4A>aU-l (^JLL^I aJS 4»L«^I j*^ :^JS j^Ull jlp ^i^J .d_ 

.oUUl <^ULI c^Lj-iJl j^ :</-^t2JI -lUl >Ji .A. 

.oLiJl 4a»U-I cX^ju^I aJIS* ju^ 'jSfr ^ •<^- 

. aJI:JDI aa^U-I cc^LJl JLp . V^r^' C->^' (*^ :(^jli<^l ^Jlll cJ;...** .id _ 

. LJy _ (jL»Li t Vj^' c5* c>^ '* ' * ji-^J Hj^ Vtt^ • ^^J^ ^ • ^ - 



jI-jj-Jt^II 



J:M\j ^jLi\ dJUUJI ^ 

\T JLilj (^jU^j ^L^Ull a^aA\ 

T^ ^_^^i M- ^^^JLS" 

YV AS'j^jLl ^ (,5^^^ j^-wJiJl A^y lSj>- Cj\^2S>-^ 

Yo jjjjj^ cTtfrj SXj^\ Js- ^ XaJJaa _ \ 

^V j^j^ ^;-^j yt^ ci^U-lj o^lill 

t^yJl ciiUJi jJIp J <^\^\ ol^^ oL.>: « r 

^vr ^ jL3b ^•^^'yi ^^^ij ciiuii ^ _ £ 

^^"^ o^jj - j^>y^ (i>* J^^< oj^i J 

YIV <^J-i^ .^ j1j4 4---i.Ujl L-il>ll _ "^ 

Y^r j^i> _ ^j> ci>A ^^i '^^\ ^ _ V 

rr\ oi^JLi> .J jU^ h^\ J ^yji ^1 ^j\ . A 

Vo ^ y,^\^ j^y^j LJj^ ^^j^ jjJjgVi ^y qj^' (JLfcil c^ijjia; _ ^ 

t»r * ^i^i 



jIJLjcm- JLx^ JLf^I «--»L-J-l JLpj ^IjipVi - ^ • 

juiij (^JLij j-J^I - \ \ 

C(^iJuJ! JJl>dl c^ljill JJUdI _ ^Y 
JLiij t^JLij ilOpVl aj^j ^...U'.ijjjJI JJU^I 

JLilj (^JLij Cilia^>«il (^jL-j J^Lm^j 

jJLdJjjj .1 ^j^^^jjji 4_*«<JLJL^1 -. ^ i 

jJjL^ jijj ^j[a oliiill jJLp Jl i^JLi^l ^yi :olikl jjp - ^0 

jVT 4jjji:f J^j^^ <^j^' L5* 

V^^Li ^j}S oU (.^j-^l (—^ - ^V 

LjlSLjjjj .A LjU (ISlJLuJl) dj^iJ\ &^ - ^A 

Ji^lj tiJ^j 4jj->.jl:^I ^Lil jJLp _ \^ 

Jl-i1j .1 Jji" j^jjjjj^l oLj-^l jJLp oLu - T • 

^jj oJib ijj^\ >L1I jJxJ t^>)l JUL.V1 - Y \ 

e^i^^ 



J^ jJUji A^\^\j v^l A^JU4J1 _ Y\ 

JISL. AijJLjt Mj--^^ - Y^ 

J^ Jjjj ^bi^b ^^^ |Jp - Ti 

jjl^ 7rjj>' ^^^,y^^ *'L-j^^l _ Yfi 

_^U ^jj V-y*^' L5* ^j*^^ ^L*-i-l jLiu-l _ Yl 

^.^....^ - j^isu j^i c^. yi - Yv 

jlS-U- JUb J^^l t^J^I J^ 

^:>Sfl JytJI ^ UJWI oL^jll - Y<\ 

aJL)jj»- (l)l>- f>^' <■ 4 ^: ./>T , r * 

<^J4.. ^2r-^ ciy»J^ (•-^ (^^ J^' (>• "^^j^ :ifU- 

t^»^' 

lT*-)^' 



^\ 



2l^u)i a^jum 



JUMlj ^CJUi^J 



^ <t\^ \S>-\ <jl^ ^^i Ojiil jV *3jAA Ji>i^ jjl3l f'jJ^l ?HJ^ iS^J ^^ ^ 

^^^^yJl jJUJL ^^1 ^j>-j U^*:Ai fUi*l ^4iij ^ /^^y^l UJU» ^^ »^1 

j^j>Jl ^ jr 2^,jl; ^^Uj c...^t1 J. 4f.^l jjJai) yi^Nl ij^jUl :i^^l ^U^ 
^t-^Jl l^iL?" frlJL^I (5^^ Uij^^ 1*^' (>• 'j^ (^ ^Cj^j^^j tiA-.!>UJl j2,5C3 .-LJUJI 
^ lk>. r^ jl p-^o-oJi ^y ^\jA\ ^ jl^^Vl f^ La J . i^jJliJl i^!^l ot^^l 
.irjLjL. Lib c.u.l l^i^jUj i^l il^l ^ o!>UJl jL ^Jdl v^>:i U^ tAjJ^I 
01 .Aitjb li^UjI c>jVl - JiVl Jp a^IjJI - {'^Ull orf a* >* tV^ ^^iUAil jjUi 
^J»^ '(>*jJ^ ^'-^^^ (i^ <--i^! ^y iJj::^! o^l ^U^jl j^J Jp <.,^^I ftAl^l Sjjj-,^ 
j^ j^ aUiaI j^ <HJ U^ 1^ (^yJl iiJLUJi Up iJb IJiJ .i»L;jNl IJu ;ilij ^j.>»iiJ 
4-ve»U-j (Delambre)^y--JLjij (Caussin de Perceval) JLL-^^ ji if^j^ J^l ui^jJ^J 



>*■>■. 1! ^_^jiil ^yi^\ ^J^l) .^^l j-AjJij A^yJl olLJjUlj f_^i Aijll 3^j^ jjJU (♦) 

•cT^j^ ^^ "^^^ oaili ftJLfc iji^j::* ^li 

:)yl _j i^Ju '^y\\ IJLA ^^^ d.j>o OyJl Ljjjt ^y yLP ^y\i)l jyiil C-aJ» ^jJl iULill ^ (>) 

■ ({•-»- j^i-O • • -j-^^^j *>-Jj 'Jj-^^ 'jr^y :W^tiUl ^y .«ji>iJl 



\r 



dji}\ ^Ik^ ^ fj^^j* ^-UJLp ^i Jp U^y-^l lij IJL* 4 (J. J. Sedillot) _^JL*-i • r - r 

. j<Lfi /«.Miu3l 

O^jjij jl 4. ..at t)jiJl ciUi (5>^ (^ iJLfu L*^ (jjj^' (JjJ^ «JJ-^ C.n.i Uj 

^1 «4iyJUI» :LaJUJ1 A-.jJdlj iJliVl vJUj^l ^iJiJU . c-siytu c..»7^lj oV^^ 
j^^l jJLJl ^tjjlj iUi--l clj--^ [ji^jjj Lji Uii Vrj^' f-^^^ cJ2p1 tLfi* oaJy 

oUljll A^lji ^^ ^iJii-'yi 0151.^1 jUj 1 c^;>»j ^!AJlj Vi^V' <j^j-'^'Jl ^b^ 
aJp U^j t^Jill ^yLJUJl -UVl ^j cioUUl :aa^l^ ^^lill i^lji» ^j /^^A^yJl 
t^^l ^JLJI ^U i-iiji L^>u- i]L4 Ijb iiyi iilJLw cJl5 t^'*^«:)liai II* ^ (^ 
^^ 4ji>- (jjjjJl j*JL»Jl JLii 44fl..,lall a.l 4 i «i*pjJtJl» <^>-j}\ ^j^ .(J-«J j-H^ ^-r^ 

^^ (Systeme du monde) ^lUJl ^Iki JiLt S^U UJj^ ^^1^1 Jl olJlJl ^j^ t3>i^ ^1^ 
iiJSlixJl oULill cJl^* Ufoj ^^J'^:^ o^^ 't>*-*Jl t^ '^1 . (Pierre Duhem) ^j^ 
^Jl\ a-JLaJI Silil aSUjJ 4jJUa; (5jJ ^^yJI JUll ^^^U; aipUii^I ^^r^ 1 t*^^! ^jji 
t«AjJLJLl (jjjjJi frUiJ^I* SJLip ki- «u« liL-Jl t^jjil Ijl* (1)1 .Lf^jlj /t-^j iJUAi jjb 

J^-Ij t «jr*i «-*' J' * 4./...>M.l.fil f ji«Jl V "^-^^ \j\^ UiJ^^ C-^' L** t5jd <^' ^^^kl j 

jjj t jjJaJlj 4jj>«JI «.t--*" (>• >*J • (J^ji * ^./^ ' /JjJ'i i ^-i^ L:.. ■•.;!» UIp t U 
^yi4 c,.^tf:T.H t)U^ J^^ -^ cSJLijJl 6JLA <,.■■■>■>■ gyJl JLaJI Ut .yLp *^LJ! 0^1 
^lii 4jj-JtJ Jl ftJLfS' oUjU Oil U Uli-j . v^^' SjLsaJ-I jUT j^ li>o 7-jjll V 
:^ /Ui^ <i^\ iJUh olS'j .^1^1 Jp yLp gLJl 0^ SJb^Ull dUuj (jU^I jJjJl 
U^ . L^LiU ^ OUjlpU^ jliiU c.;..> L. ISl iUljdl 4^jli3l iLJUl ..l^ill ^ jb 
jlj««n<9 jJ^ V '^j^ olj-ijfc (_ll iAjjLii^ (^..Mxuj (Sj>^ l^\j ^ c-»L-jLJlI oJift Oil 

^jJl^waJ j^^^UiJl (jioJl ^^ - (Carra de Vaux) jS ji IjlS" c.xi* ^1 ^ 4jJL5li>Jl 



!?J^ -fJ (B- Boncompagni) ^L^^y .^j (G. Libri) t^jJ .r- :oU]j^ t^^ t^l (1) 

.(I. L. Heiberg) j^U . J . Ij (M. Cnitz) 



>jlJI 



^ ,2^y.-L>- ij»^^ './t^b »i7*l— ^1 (>rt \^.y^^ oL-itfL^l ^jl^ tJLiij (^JLij (o) 



J-^S/l j2j* O^y yhj t(^^A^ '^^' SJLp-jJI ol-<lji ^j-t :cjjjS) \ ^Vj^' '^'-^ fj^' C^^ 
£«rre arithmetique et algebre: Recherches sur I'histoire des mathematigues arabes (Paris: : ^_^JM^\ 
Les Belles lettres, 1984). 
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j^ - *u J^.u-:.,.^ t^JJl - (P. Tannery) i^J\j . *^ *^jy^^ t^^^ ^^"•'^ l5*^'j - cr^-^' 
(O. Neugebauer) jj^y .1 ^Jj jLil c5-^'j lT^* '-^ "'-^ ^'^^ JbJb>.ill JJ l^-;::^ ot 
jJLL-^I ^ . 6JLi*Jl oJUb ^ ^iaiJl j^ ^;^ i^L-.^^! ^jJLiJl ^jj^ ^^ j . JLiu UJ 
4 Jjb^ Sj-^Lit* t(^^t ^r^j^ l^j\J jjJl olj 4 (A. Von Humboldt) ojl1^-> Oji 

^JLj— . 1 . Jj (F. Woepcke) <^-^j . •-» ^ ^ *■ * ^JU . Vjj->Jl f j-ijJl ^-jjI^ 
(NaUino) ^U J-J ^j-* JUi-i L. ^^ l,.«t tsU 4 * ^^"^-^.j^ u-d-J^' (L. A. Sedillot) 
(Karpinsky) ^^^-SL^jLS'j (Ruska) iX-jjj (Suter) jJ>-j (Wiedemann) (jUJUljj 
LiT 4 ^1 ... (Nazif) cJ-iauj (Luckey) ^jJj (Kraus) ^J^J\^J (Hirchberg) ^^j**j 

Ojjc* ^Ul tJi^^JaJl ^tlij 4iJC*Jl jj^ oI^^JLp «-^ JlLi A^\j:l\ jU-Pil aJL* (1)1 
c^Jb-l iilj^ii Uil 2^ If I .^/L-!A<11 (JUI ^ olf^)fj yyJl jJJl ^^U J-^t 
ja^ ^yJl ^1 ^yi . JkJl ^y 0^1 Jl C^ •>• ^y^j 4jjUJl li^ <^lJ:i\ oljil 
L-jj*- LfcUl uijil:^! pULJI dip 6JL>J Li i^yL^^I JL»J1 ^ Uj-J" ^^ 61^ U 

fll^ 4a^^L lU iUjt pL^*)1j UjJlijj iLjct iiliJ Jjl> j'^J ^ ii^ ijJ^ <_jia>^ 
^LiljJc?- io^ V ia^jd^l jJ>«Jl iilal* J^ JJ^ rJ-^* <j* *9ukl^ Uilj ^twsl Jij 
/■'^A3l>I Jpj jHi-J^I ^U31 >yi ^ oljUJ-l jsa J:^lJj J^ly Sj>5 LJl 4v----^j 

jJLo jJLidl J-sAaJI ^ . c$>-S/l j^Uail Jl SijjJl t (>*-«Jl-» (M^l cj^ ^^. /ya' .. A \ 

iU»jVl dUi jJU JUaJ V ^^1 ij^jLUlj 0x^1 jjJJ^I v^I 4S^ (^>-. 4.!iUJl 
ubst ;-^JLp jlJU: 4^l.jl;Ij 4ili^i aUI JUJil ^L-JI i^ju^ <_,ili ciJJL; (^ji^-^. ji 



_ UL3-I ^1:jJ1 ^ f^ ^y - ^yj^ ^ f ^ ^ V*-^J "4^ ' ^r^ *^y ^j^ SjUjcAI 

^Ip /i->«^ /*-« ^^.w^LIj <«I^ ^-^J^ i<>^ tj'*'^^ '^^'^^^. ^^-^J ^^^^'"^^ (j^ '^^'^ 

l4:Jj fljUa^ ^ ^^La oUJUlj Jj-^S/1 iiliit lyJif- jJU; ojlp 1Jl5Uj . aJU-I »iJUL; 
j^ Jl J-^jill ^ Lfii^ I4IU L*J ^b JSL^j (.iJLbi c^*-^Ij '^riyJ' c5* v^^ 
(I)! . (^1 : jJLp t^iU-l Jl-^I !Ali ^1) SJbo^ 4-^JLp Jj^p- JI lJL>-t Jj c sju Jb^ 

LjJl J-^>JI ^ j^\ ^IrJl LliL. yiP Jli]l O^lj y^p t^iU^I ^^^1 pULp ^l; Jiilj 

r-ll^^ll oL^-y tSJb-lj oJ ^ \jA, jl tyjjJl JLnJl *-• t ^jXJ.! ^ cUL JliU 

y US' JLi^,^^ y j»j; l(\ji^\ ftJU oJl^j . ^-l^l Jp SJUjULI ci^UjVlj ^JLiJl ,_^JUJl 

AliL <wJi^ (^^^ <^^ LiJLlP ^^f>^J .j^jjLj SyfcliJlj J-i^ij ilJLi-j \jjj^ iWliji- 

45L2iJ iJj Mj 4(^jjJi sjLiJ Jj v--juiJ iiJ JOu Jii ^LjjS" Ijju oi>-l LajjJU iJjJl ©Ju 

JLsAIVI J^— ^ tJJ ^^ e^>>->« ^fi i ^L« Cl*>il5 liSOfcj .OjUll JS" iiJ UJJ 41jJC4 

^^ Jildl Jf-Jj US' t^jJjuVlj 0>MaJl ^jJb- jV^ U syLdil ijJUJI ^1^1 ^ ^Lil 
^ o->Ua:l Uy. oUjUil ^ Oi^_^ Jp JL^LJl ^ 4jUil IJU J 4Jb Vj ..UUI 
jJLjclU iJL— ji" 4,.,«t.UJl jLa— Sll ^ oL-jLJkl aJla Jjl .I4J JJL>i djji?- d)! J-:-*j 

^_^^\ ;ji^\ cij-i iSyhUJlj iJ»y ^^ <^j-*^ tlr^l tSybUJlj Sj^^tfJl ^ j*-i?^l ;>ji 
C^U-jLkii ^ (jllll f>^l L«l . . . «wJU-j J-^^lj (l)l-Lfc^ bjj^ J-^-^J L/^J-^ (jr! 
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frUUJl iS"^ Lai ^ A.;.»liJ! iLi^l oLji^ o^^Juj tcJjbu I^Sa1\ a-^JUJI jJUiJI ^v^ 

iJLf- LjjCi ^j t;jp-jjl1 JJ ^ L^l ^1 ^J^j JJaJl ^^ 4-«^l 6JLA frli d\ 

^_^*^JaJl ^j .iJtjfcjJI ^^ (1)1 4jLi jj» ^^M tU^l ^j^jJl ^j A-j-*L-Ml jj^ (^ji«AI 

^jL? Jl U-^jl ^j-*i c^2;jjLip1 iai- c-*^ iJLfc Jl t^jXl .(.^^...^^li ^jJJjjS/l iJLJtiU 

jjiaj t^iJl /JLJl ^^J C*J ^Lp J^JLij iA-J«J^I AjliljJUl jjjjj (jj^l |JL«Ji jjjJ *^^^ 

r^' (>- •^cjT^ (H^ t>^ '^ 't*'>^' c>J 'j-^ Cj^' '^^' «-r^ 'Sri-^' ^->Jj' (/ 
^1 Vr'!>Ul oL?-^! jLip'yij JLi^>" jl Oj^ ^>• j^^ jliJi 0^1 ^>« Uju (>^!AJI 
^_^Uj-J JjUjI j!U tV*^'>Ul ^J L.JL5: ^^1 il^UoVl 01 .-L^yJl ^y f5^>^< C-l^-v 
Jl SJLjUJI ^JLjULTj toLM5»L^l ^y (Jordan de Nemour) jj^ ji jl^jj:»-j (Fibonacci) 
N c . . . oLj-^aJi ^ (Theodoric de Freiberg) Krtiy ji ^^J^jt^ j' (Witelo) jJbjj 
dlA 01 . ^^^^1 cxi^j ^}^^ o}j cr^jjl^^l Jl ^y ,1 >M ^J^ J^ J-^" «^' Cr^ 
f jUl ^ Jb-y ^1 oU-Wl jjiJl ^ i^jL- ui^jjil jUiJl c^jJ UJij}\ UjJ\ 
oLbSai Jb^Ull jLL>V1 Ut .uwxllj aj43l 4jiUl ^ >Sf1 ^>JJ SJSUl dUL-j L>yJl 
_ Ji>. ^ _ j^\ (jS}\ JLJl IJub . j-tp «jLJl 0^1 JLp p':)U:uwlj Ji*ill j^a VrjLJl 
fut jLij L^L-J (j^jjll oLLlS" j^ iJL I <jLf^l Jl ^IJlJI ^ ^^yj '-i^ij ^■^^~-' 
AjUl cjU151«j ^1^ 4JI i*--JLj iJL>e:j (^JJl jJLUil a^^II J*^ ci*^w»ij t/jLAS" ?^li3l 
i>«^j>.^l iiyiil «--jLp ^ ^rt:-^' olj^Uail ti^J^l^ /w» jiiall JUill IJLa jj . iLLJl 
^y ,_^^^l jjiJill «-*j-ij ^Ui-I JU^Ij vlJULiJl JLp j_^ LfAwi Uj ip-lj^ i-»jJL« JU^V 
cH' ci! *^ erf' i>" j-*-^l (_5* cjLaLliII ^_^ ;j^j-^L^! c^LbS'j aj^^I 4--*jl^JIj ^^I 
j^ l^^L^\ JUpVi JJ Ul^ Jbdl 11* >4 Ol ^*.;UH ^>. b\S iiJUJJ . . . ^\ 

.jjS\ 4iU- L-U. t^yJI jJLJl li^SC* y^p ^Ul 

ciiLiii ^ J jLS jujj. iuic j^ jji yyJi jjuji jlJLi ^avi jb ^ ^j 

^1 jL^ ^ V tjJh ^1*-^ Alp ^loxJL tA3jJl j^ -^>»-| J^-i^S^I IIa ^jj» JbJL^ Jp 

cjLUUlJlI Jiij J-4»-pI <-jL«.jlm-1 Jl U^j^ AJj^l ftJub aJLaI 01 . LJU- JU-I jjn U^ 
^ ^1 SiUl Jp bi4 aJI . <i--- <^ JJl Ojiilj |tJi*Jl OjiJl ^S Uiy> ^1 ijJLJl 
A-jjbU>» Up S_^ U^ tsxjjllll |v-jj j^ tljJUipl j_^l (jjJaJl Q^Afu j_j3j oljj.^lH ,j,<ajo 
A^cJaJl iJljil JP Ui^J 4«;^^Jbj! Ul^U f^y^ ^U- J^J tU^^W? ^J ^j^LLa 



w 



JLuCL«i d\ yyJl jJLJl J^ Ol VJ , lijJLxJl SjjjJli ^^^ Jix t5>.t ^\A <^\:si\ 
AlblJii^l ^ jJLiJl iJu *^ Lip i-^>L«o L. y^j (,^LjS\ -uuLU j>j JjiCil *^IUJI 

V tib ti-iJ^ <*^*^' Jl 'O^l Jl (-L-JI 11* ^^j1 0^ ^ ^La D>^^ ^>J 4yj^l 
cI^Lp b| AjljjJaJ |«^ ;>^^ t-A^^ • • • <^j\Ju»j Ajtj»\j^j aJU^Ij^j AjL a. »•:...»,> j^l 
jt fLUi^-l (^JUl jjJill v«^tj LfJ JUJI iiJijj LjsL— ^ij^j -Lt':)L-Vl oJlLl UL ^y^ 
4L«jj Jl Uv>li* t J^l sjlJj ipli^ frljT ^jlj «!)I ^iJL ^^ ijjjj^ jti^^ ^1 • V^ 

Li»Uaj>ol XmOjJ jI iljjll «JLa ^j4^ Jj^ l^j^^A ijJL»ljb J-ft-s^ fJL»Jl /«Jj-It» cJlj Li 
. aLp^Ia A^^i V^ •^^ ^^^?»-^ J^ (J^l <J^I (>• ^'-'^l W^J W*^ 

A3jfut ^^ 0\.^y\j t^^JLP *jLJij «--»llJl J^^l ^jri j_^^j*-»^^l jJUJl 7HJ^ (>4^ 

II 



4^1 . j.la,..<t ^ j-^ U-J IfiP U^ ^1 oLlkrll KA L«U«--Jl (jJjjJI /JL«JI ^^jj'^ ^^LS 

^_,;>w»I JLaJ .5^^I ftlj-j jUJil '^ <y J?i <>• LUk- ULj 1 Jjt c-^^ ^^'^^ <y 

^_^lj if^p^l JjiJl JLj. ^{j::; cJlj L. ^_^l ^UoVl l>^ fjJl L5or c-^>Jl 11a 

JjUcIj cJ.a.*4 'A—lj Jj4^ Jl ^ ^J4^jh 'Vt^-T^' '1* jW^^ iiiliJil Jj.s< afll l ^y 
i-^llS" jjh ^.fU cJll? Li ^ k^^/Jl JL>- Jl Jj-/>^1 c)ji j^ i^^j} J--^' J^V 
JJl>«l) aJUaS ifl ;J^iaJc• 4j«5 j^j ojLipI (^jjJI /JLjJI Jl JLxj jl LJCbl JliJj . ^J>- ^^yej-j^ 
j3j3 aJUJ l^H^j .ijj-^lj i-JUJ^I 4JblJLL«V ^J-^ UWa-s^Jtj lu-jJliJl jiUoLl 
<**AJ JL>»^ ^(^jLiJI jj • l5j^ j' oblJLLtVL (JLij ^^I Jj-sAaJI OjLp tJ\w>LaI>-Ml 

. jjji3l ^ i*-— J'j^ ilJi*l Jp JUl ^^lj <^ t-^liS" aLI 

IJl* Jl-j . J^l Li*>Jl Jj*-i jl ^jSLu *y t JjVl jlS lil i^U^j t v^j:Jl 4>5CJj 
^U ID . Ub^l jJLJI o'yu ^y 2L|jL-i- oLji-^ Jl J-^ ^_^ ^;Jt53l <^jL *^^l 

i-J»-U j^j . oL:i-lj (j^J j' ^jl*^ iiJLulll lLULj i^Lp-j (j^j-*il (JL«-)I Jj-sA3 ^ (J-'*-"-* 

<j:->IJL-^1 j^ Lp.it..^ LjI Jl l^;ji^I ^y-JU . *^jj ^;->«U,» ju jl ^ Jb V SJj-^ 
Jf S^ly ojlpI c!--^>o Ju^I IJlj- fLUl S^ j!5U Lytu ^^ jjh L oLl»Li^*:^lj 



(J. Vuillemin) d^^-* . r- j-SCjUL* q^lsA l)! ^j-* JL* V *-Vj-a ^^ j-«j . L^-jj-jL?- 
OjLa . j^j (E. Poulle) J jj • b (^- Rouquette) c-^jj . -aj (G. Simon) Qj.^^ . ^j 
^^SCiJLj Uajl (j-^ai^b .(K.Chemla) !)U-i . ii j (C. Houzel) Jjjj^ .(j-- j (S. Matton) 
(S. Rosenberg) fj-JJjj . j_^j (C. Schmitz) j:;^ .t . ^j (A. Von Hoa) 1^ jjJ . I 
«^jLj . j^j (B. Demaux) yj^^^i . «-jj (M. Rebaudiere) j.^jiy^^ . aj (Paty) jLjj 
SJL-JI Jl 1^1 c^^^iCJLj ^L^ylj . l^j}^\ Jl Jj.^a.il ^_^,iju 1^ ^^111 (C. Barbe) 
. ^1 J^b eT'J^' *^J^'j oil* jia:^^! Oj-,*a;^ ^_^! (A. Auger) -U;>-ji . I 



\\ 



2u^jJL]| 2LjdlJ 2u1^ 






j_^l A-^^^^l Aiv» jt* llJ • UU- iij^l i^UuSfl ^lj-»j oU-oU-l (i^l Jp fj>J 
. iiliit <wJL-lj 4j^^ OI^L iiJbit ^r^'j^ Jjl^ ^j^ <>• ^-Ai^ (J^ J-<*^' ''^ ^ (•— ^ 

j_^ flJL^ jl ^j-«-^ ti*^' ?*:^j^' ti-^j— ^1 Vj-^^' *4-* ^ cP ^c5j^' o-^ 

Vj 4 (jj.a?...w iaijdl ^(^jU)l l^'>.>m^^ ^1 ocilj .(j^i^U! Jl Jaii O-jIj ^f t JjUiLj 

U ^1 |»JLJal) oL4j^l jlisi OJbJ ^^Ij 4 t^jll II* L*l^ ^_^1 oL-ljjJl d\ 
i^^jUll ai^I ^;^ ^Li JXJLj ^jU^I ^ ^;;5C^ ^jJ ti-^jUl ^L>^Vl mJI cJ-^j 

t^js^jjt ljyr'\j ^.f-(jj\i}\ a1lJ\ ^ fjj.*,a2l\ A*^^l jliiM(l L« IS| Ai*-f^ f-bl ^ «lJ 

-bul Jl LuSj S/L^L, ijua; t^jiili ci^ ^\j^ SjU*! oi . j^*u.t i^j oxi-i ^i 

cAi>s^^ f-ljj jj» cJIjlaSII ju>-] UojI J-* 4(3.»-»Jl ^_j3j <x*Jl ^ ctJJjil IJL* oljj?- U 
J j-dj . Lj^li'j sJljL^I U #-^3 JLj bJj i*— jJL c Ltju 4j AjiJ U c)_^ ol J^I Jp 

j-,tf»U- C^J^^ .Ajullll Ijjj^ JLS'jJ Jj tC.a. .«> Ojil4 4-aIj JL*^V L-.Lj V t AjIJj 

^^j i^UU ij^JLJl S^^Lj -liU- Jl ^s^^ c/^l dJJLJLI jU^V tiJJj-^ ^j^ t*^' 
L. lil Jilj ^jlj J^^l d^ ^_^jJl 11* (jl J^j . ilsl^l l^i^iJj c5_^-^l Lrjjj-^ 



Y^ 



. <J ilJLL.1 JLiu Jb- Jl jjh jj>\j^\ Ii*aI^ ^rHJ^ uS^Ji ^j^^ 

c Jill ^ ^LJlj c^^l ^ jJ^lj cft^l ^ >Ll i^ ^ ^^UJI ll*j 

^_^LSJ| tAj**iL-I ^jJbj cUajt aJI .uUjVI ^y ^ji'aJ^l c/^saII jI <ljiaJl ^y Jjl^-lj 
l^jjj t JjL i^Lj ^LkJlj ^^-a^j j^^^l li^jl JI ajiLsi»!j Ol^jJl Jl Ui-^ij JL^I 

jjy i*-^ jI-U^iI Jjp jiUJl jj-p |*-^*J-^ <>=*«^' '-^r^H 'j-^y^b hjj^J l j» -- A fcj 
Ijj-^ jL-il .^UiS'ij IjUijil j»^^l IJla (jj--^, ^y (jl ^y <ijLi Vj . ilxJl jjp UJ ^i'.'n^j 
«^U-I IJL* i-xlji Ol NJ . t>Ui ciJJi Jl «JJ^ j-^U- c^-«-«^ L-Lj o^y-.^ ^j--^, t>f 

is<9ji J^^ -^ L^i' i j-ii«^ ^ iuijj ^^ui <wJ>si) Sj^^ J^^ -^ ri-'^' Cy 3j^^ 

jjb i^ljjJl ftJift ^ «i:j U JSl 01 JiJj ^Uaj^ cJlJ V Aj^JLp ^^\y ^ ci-JLSCiJ 
Ajj;>...w.;H oljij/lj olji-ij j^LpjJl 451 cA-^JLJl oUr lk./7li J ^j-«liJl y^yj j'U-^^l 
^^^-jdl oljil ^^ ^Ji^lj . ■*>*"- L«j A-*i>*ll Aiib^ U f.|ji;>-V UilJLPi A^ ^1 
{•U jl JLJI ^_^j^ jl 4J J--^ 1 (»^>ll Jjj^i f-UipI ^ LI (1)1 Jl SjLi^ La ^^-^t 
IJla ^ UULiS'l LJl i^L tJlS" U ili^-"^ ^ Jb V lU ij^Vi ai;J tijjy«Jb a-^-wu^jij 
Vl5l-lj U^jjj^j ^\j^\j oUJLks^L J^l 4^^1 oJJl jJ> ^j Vt t JLJ.I 
JLj Vj .A^JjJ^ LUflill ^ OjJjiUl t-^UalSVlj OJJL ^;j^ ^j>^j '"^^1 cl^W;./. 
^j>ajjjCL)l J^u Ut ^1 iAjjjjJL ij^JLJl ijli^l ^ iuJ^ Li i»j^>»iJ cjt^ j_^l5UJl ^ 

^;^L*j jl obl^.r.T.^VL jJUill dJS jjb tU^ji; jy j4 Jlj *y x^\ >-T ,j,A4:j 

SiUl LJ^ (jl5j cA^^jJrSfL vOijll LjJjU ^1 i.^H\ J oyJI c.L-.Sfb jl <^\ 

JUpI LlJGL^I->*i U ^l CJ^I ^ dUl^I-l pLp J':)U- llJal^l JliJj . OyJl Jl l^ 
Jb *y llAj . J-,^Sfl ^ C «;..^ U^ oLkn-U ftJlA ^ ^^ -—J J^ J-'*^ <^l ^>^l 

. jUJil IJiA ^ sjlpU^ (^L bJLp J>c-j i (^JJl 6jJjj-« <j-^j v^ ^;5CiJI Jh?**-^ ilr* 

i^jil : Oi^jil jj^ <*-i* SUj JUJil IJla ^ ijjju^l il j UTj . i«jlil l^ijjiajj ic-LlaJi 
T-jy>-j jlJLj«-w- JLj^— / JL?^I 4*eJIj^ - ^jiijjS' iSj^ ' Jr* '^^J'* t^_ j* < *;tfi^ ^ . t—' 

UJU-L 1 (pU-m-VIj j>^L*)Ij) obL^JL;L^*yi oJla ^y JbJuJl jl dUj Jl >^L^I ^ jl^i 

. oUa;>-^j ?-^L^lj Jij ^2;-« JLij JLi U J^ LJl »--I^ c)l jJ^ ^1 ^-l^j 

,^1 ^IjJI ^ U\yi\ Jey 



YY 
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jLi^l :lJL^ ^j^l ciliiil ^bj ^litl j»-^l IJLA iuif^ :ulJb ^J L^^lj JLil 

JLiJj . ^jJl ^_y:p- 4-M**; JJJ«Ai^ Jiili^lj U-U<» JlJU^^^/l cT^J^J'j ' <JjJj^ jt*^ J^ 

Jl LJL/» ^j>- )i\iJ^\j b^jyA ^j>^j *-iVl o^AJJir*^ v^ujj^^ t>Jl oLiJLil Oil 
Ul>. iASLill «Jolir,# ISjP^i^ SjLp ^j-. V^ lij^^i^ 45^» SjLp L.jl>.1w-1 jlaJj 

L.JLi.1^1 JLiJj . l^^jL-Il jckJilj i^>3»dl ^la-Jl* ^^ ^Ui^^i V^ '^^J • J^' 
«^^^1 JUJlBj «JUj\| JLivJH ^jjJjL-Jl (>• VjLi cl^_,^a^-^l»j «rj^'* tr-^ Uoj' 



rr 



^ Jjij cJlS" Lw i (^jU— ' j»— *>- jL-« ^ JU-I Ulu.*j JjJ j^ «jtUi iJiS' Ul 

cJj^L c^^l IJL^ Lw ^j->«^l aJj* cr*"-^^ • W--* L'-L./u (_^JLJ1 jjjJl jluJftl U-J 
c-jjJl « I >-^^/l c-»Jl!| <Pj-*jf ^_^ 5^1-^1 jJLTVI ^.j^\ ^^.*.^ IJL^j . oJb>v^^ 

JSLio olil ^ cuc^ Sykli *Jj^ Li^ljJ* JLii c«(jjjj«JI o-^I JLp» J-^ Ut 

ijU*j c^jii ijla d\Sj . \ ^<\ • iL-- j_^^ 4^111 g;i^ - t^j^ «^jii JJ ^ ^jy^ 

^ ^■ ■ J aJUjjS/I 4-jjjJl jj^j-saJI J-i J.a.>i'll i».-i-N/^j ^u^j^ tl^-^ t^'-^^ Jt-^^ 
^^1 ^^1 J^ Jj-haJ-I jJu: UiS' tlljil^l iJlSobj .ijJbt cJj ^y L4JU ^!>U»V1 



ti 



dyLoll (die ^ TjaJlCLA 



(♦)• 



jiiji <:)^i iuL^ JL^ i^yji v^' <2iai ^ Sl^i^ diuji ^jlx. ^uia^ii oi^ 

iJLPj tLji^ULJ ^ oJli: ^_^l oLJlj LstfUtI JL^I^I ^JLP t jlJLll IJlA ^y C..T< 

jji ^j^ OU^Vl ^ ^ JJJ u-lSCJl j^^ijllP CJKj tiui>Jil ij.».^>^l oVNjlim.*^Ij 

JbJbJl ^^^^.--i iciUi Jl iLiU^U .««:)^l -Lij ^» ^5! liL^il jj^»j t«45jU-Ji jlJili 
cSJUjJl «kandn» iJiS" o^ly J-^Vl ij-»jU iJl5' ^j t««ujJli» -j a^^UJI <^cS^\ ^ 
^yu i«JLL« ctwi'l^^l ol^ji- JjlJbr oIpj^ ^ i--ii^l ftJiA (1)^^5C:J Ujlp tiUSj 



_ vyJl oUjJdl ,/:::--jJJl JL^I y>j t^^U - ^^1 d^ ^^^1 »1 ^ .l^U (*) 



TO 



j^p» • jrJ^ U-^ oJl-ilj Cj^^a-j>»Ij ^ ji ' ani ^_,l«il j_;-^ J o- * .'Lw>J t^Aj^" t«jW>o» 

Yj^I (U^» SjL^ ^j ^'^\ . . 4g^,..,>r;:il» cY>^' ii>Lu^» i^^^' f^"^^ 

J^ iJVjJD ^\jS tv^^ iU^ J.> Ri....;... 4 Vtj^I ^--b-J^' *^ t> '^^^J 

.^iJiiil dUliJi ..Up xp ^S Jp jJLiJl ^jPT ^ tf^ J^ :iijUJl fl^Sfl 

JLju i^^j JL« ^JLaJI ^:S\ (ijJLJl Ji" ^yj iuyJ! 'ijij^\ A-Jt ^y -^>' cJl^j 
^j-^l <JI SI c1jl;»- o^ IjjV ^UL ^Jb»- jJliJl «JLa Jb-l uU-Jl JUejj ^ jlJUj 

.fli^ljjVl j^ c-j:SOI» :e-'yJl Dj^j^liil ftU— UJ dUS Jbu 

JU<9^ (J-Ljdi iLpjfl «-^L-*>- ALliiJ ipj.^ JJ tfr^ [j^^jAAj ip\jj\ i-JLS' j^^ 



Albategnius, Al-Battani, sive Albatenii Opus Astronomicum : *_^l ij\^\ <-'li5' ^^ jJiJi ( \ ) 
(al-Zij al-Sabi'), edition du texte arabe, traduction latine et commentaire par Carole Alphonso 
Nallino, Publicazioni del Reale osservatorio di Brera in Milano, I-III, 3 vols. (Milano: 
Mediolani Insubnim, Prostat apud U. Hoeplium, 1899-1907), reimprime en 1 vol. (Hildcshcim; 
New York: G. Olms, 1977), 

S^b j^yJLif JL*Jx* :^JlJI .>U jJl*-) ^r lOJlifJl 4JUJI OjSU-l tijL*u» Sjljj iJU[ c-^ tS^^^^jJl 

Diophante, Les Arithmetiques, vols. 3 et 4, :^ «|»->«^' iJlS' Jj;»- JLilj ti^j '^^ J^^ (^^ 
edition et traduction du texte araBe par Roshdi Rashed, collection des universites de France 
(Paris: Les Belies lettres. 1984), vol. 3, pp. 99 - 102. 

Abu 'AbdAUah Muhammad Ibn Ahmad al-Kuwarizmi,LJ6erma/2/f A o/-o/ttw, :*^ Ja^\ (T) 
explicans vocabula technica scientiarum tarn arabum quam peregrinorum, auctore Aim Abdallah 
Mohammed Ibn Ahmed Ibn Jusof al-Katib al-Khowarezmi, edidit et indices adjecit G. Van 
Vloten (Lugduni - Batavorum: E. J. Brill, 1895), reimprime (Leiden: E. J. Brill, 1968), p. 210. 



n 



Jp oliJl ^1^ VJ^' oVyVlj oUj^lLj ^>Ju Uj U^rt /Uj . U^UJl 
4l4ij^ JJ jiVl C-^ ^j-..^! ^j^ 4^ O ^kiJlj cOlSG^I Jit ^t >* AB JoaLU 
LaJLiP AjjjJl iJLili jlp- Jp B <ixiJl ^ ^>^^' u^^l t)^>5Lj t^j-j Ujllp ^bjjJl 

t(L.^^ SJL:^lj I^rji Jl^) «^^,„....MI iuy^UiJl i^UUl ;^>l» c-«--^j * JUl ^jJl ^j 
t A-^jJl (_^ ^ B J A OLS'jiCJl 0^ UJUlp t JiVl ^ IJbu jiS"! ,_^-.,«JLJl 0^ 

• ^yjj-^ <Jyt iJU- ^j A jt^/i^j 4^jj-i jy^ "'^^ ^ B ^^^ U . fcw . ^ j Bj A J^L:j 




J jli^i .UaJ A> 4 AjJUJfc ijSQi jJLS; ^b Cx^j ^i^\ djii\ Jbu c 11* aLpVi t-*L-^ 

4^j^i ^iJLU ^;^ a^^jaW 4zJi}\ c--ri^l ^^ oUj^ ^j c^yuJij :L;LaJi i^i 

.If. UUill LJ-lil yhl^l ^ 4^1 JjL^ v^t^ Jy^b t,-^>^' ^^jt ,>^- 



rv 



Vajl jLs> <*JJI j! jJt^g- 5j^ ^ tjA ^j^J «!)Uj Jl Ai-Jl ^■x.U.'J IJL^j 



^'^Li-^ -cp .1.0^1 



^^1 dULiJl (Jp j^Ua4 :S(jt 



SjiUll sjlj>-^1 ^ ^1 ajjt.^U i^jiljJl <^>^lj jlj*fci**»Nl iU y^ j^\ jy U ilp 
. ^j^ ^\ is^Gll i/ i^^ JiGj . ijjU-Jl f I^Vl ^J* JUr ^ ..i^l Jp 



Encyclopediedel'JsIam, 6 \oh. J i(\\j ^A OLJ^LUO M» _ ^^V ^ l(^^^^ tUjj <jt-J.^ 

parus, 2*"' ed. (Leiden: E. J. BriU, I960-), vol. 1, pp. 538 - 540. 

Encyclopedie de V Islam, vol. 6, pp. 358 - 360. :Jai\ tj^l JjL* ^j 

:>:! *iuUll v-^l^l j^ ^ ^1:5' ^^.JU> ciJ>. ^ t^Wl yli^l ^ L-J *I^Vl ^^ -^> 
Otto Neugebaucr, «An Arabic Version of Ptolemy's Parapegma from the Phaseis,» Journal of 
the American Oriental Society, vol. 91, no. 4 (1971), p. 506. 



TA 



jjb asJLa d\ .«^^UjjaJI» ibJl uiL-Lc A^ 4ji3!^ ^ jiaJl (j^ 4^^ iJij^ ^L^j! ^ 
J-i^ ^ SjiU i,(^iL2ll ^ iJlP ik^l^ JbJL^wU <Lli (^l) 4\>j^J A-w-JLJb ^SUj il^l 
«-stf»j J^J tSLL*t4 ilai- j_^ Cj-51j^! t)L^ c-»L«^ J^j tA-u-Ull AjjL--J| jj^\j]a}\ 

. jtixJl j_^ Oi^r-^J^i Oi-^ «>ri (_^l:iil Jp Ls^ j^Jiiil ciiUJl jJU> j^jjU ^^ Jij 

JJ ^yi ijLiJj U^j LUSIj U-U^ ^I a:UJ>« CJIS" (^JUl iUJi jjh ^jjjJdaj 

fc^_^k«.*>dl :«w«jjiIL aajjS/I v^ ^' ^ .j-1p «jLJI j^l j^^ aj jj^tAJl tjiLj^Ull 

(--»ll^ ^ ^^j^\ jjjJl j-uU dJUUJl JLp ^^ c-^ (^JUI jy;-S_^l A^^l 1 4^^ "^^y 

iJU* syLp ^!AJ J- JiU cOJj-. <jl <i>L^ ^U . oU^IjjJI ^ j^JlJI*)/ Jj-^SII 
t is^sUi-l AjLli>-^ >w^..«.'>- I4-3 1^4*-* ^4^^ jU^i t ^}^^ 1}^^. ' c^jr*^^ ^ o^j^ 
Jb-^; '^ oL^Lj^l i«Ji^ jj . c^^i r^Lj ^ llaM?...<j iAjJLill iwJU^ll roUJi bJLf* 

^^ ^ i:.L' ^jSfl : p-.JUiJl ciiiiJl jJLp jjSUi^ Jp Ijujl^^ iJI^I y^ljJiJl JAJ- 

t^u^L, iUi _ ^ ^ir^l hj\j}\ aSJ^\ ^ U\J.\ <Sj>M ci^LS-l JS y^ -L^ 
t^Ul iUVl olit^Ui-Vl y,:^\^j jljiSfl v^^ V^ ^^ ^^...T ^1 ^jJljJJLl 
4-L^ljj jl ' J^'^' Ajiliit jl Sji'lji-* jjljiS ilfl— Ijj <jj:i*-M» o^ii CjLS'jj>- <.^y - ^ 
^ ^/^^J^ olS"^! DJu JaSUj i->L-^ -.«* iS^j-s^^l yfcl^l JlJUiI t^jjdl iJ^Ul 

.«w*5'lj^l fti^ ^^\yA «^L->«J yt.^^ Jj1JL>- C-mjS^jJ 

6J^ «y^l^^l SU]J» j_^ Al-Pj j^j c1jL>- JJ^ J^^ ^"^-^ u^Jtr*^. ^j^ <^1 

^ ij_p J^ i**jj->»iJi JJ.AAJ J^Jk^ 4JI ^1 4 4-j— L^S/I 4jiL-« jLi tJU-^l Jl LLft-p 

J^ JJLj (1)1 U^» : JjJL ij "-^^il I i-* <j-» a}[1a j^\ ^ liilJlj «-3^^1*J jJ^J . 4lJfcl^ 



Y^ 




(tT _ \) ^j JSJJI 




(^t _ \) 



(JjJS^I 




MkA aJ^Iw j25Vt iifL^jii\ (ji^^ A'^^ Q^^^^ 



/J.! ;;>.jUti 4U,.„,li s^iJLJi (.Hi; i>.lJ 

ii^li i^j.:>H MAP SylJLll J-P M c-^jibl 



^ k.......li ^^JiJl villi fUiJ JLi-Lj 

su-j.1) iuy-i s^ijJi ^^ cr* c!^' T ;kaJi 

M v^ji^l ■ii.r*-^. • CDF (^^^-Ikj syb 
tjj>jJLiJl dULi ^ ,»-..>, J tS j - ; , .* .^ SjJb J_p 

Oj_5b M (w^j^l ii'j.:^- Oj^j . o_ 

<3l j^ .M v^/llJ Ja^^l <^^ Ailk- 
c^JL! j^jULl cOUIl flk^ cflkJl IIa ^^^ 

4jui^^ 0>S^j tP 4U.fl.-Jl ^ v^ji^l J^>i 



^ i^j^\ J^rjj Ujlip t JjUILj .A.M:-\y LybUiJi aiS'jj^ dj^ '•hj^j^^ C kf'j^ 

t^j^\ Is'j^ «l)l T iklJl ^ -^.^^jJ^J JL^l^ ji^i'^ 4<l)llPj-«Jl oUU «-^ A ikiJi 

. C ip-^^ ^ ^t M 

. ^) jjj j5LiJi) ^y.jVi Ji v-^Lj ^>i o-jU- cdf ^^^^^Jlk, syij ji^i ^^Ai 
iJ^^ tO ;kaJi ^ L*i^j^ CDF j^^i i^rjU- iJL.u- ii^L ^^^-Jliaj oi* iCJ^jj 

;ka; J_p- Jlj O J^p- djJL4 "^ ;^}\ l£j>' ^Uaiil jl JlS'Jj A:iCJj T ;l2JLJl ^ JL^I^I 

^v^ J-sAil (il3_^ ^a.„; 4JLJ-I oJUh 01 .TE ii*-J ^ O j^" il.j>*J E «^^1 JjL»u.» 

/■'^:b^| Ae_;!JL3l ;^^ ijr-l-Vl IjlII ^ i-iiil:;^. l4:;5aj c^UjSflj i.>ij| iL^Jl 
<l ^j c iJUjJl iUIL ( JJUL -Lxjj ^ Jit) LS^ ^Ua^Vl yl2^ llL^j JJil 

iJ^sJt- /»UJl <JjJL-?J ^tl.n'iyil L->llS' ^ ^^Jt^ jJwI -01 . ^rij^l OuUIj AJLalS" A>!fy 

LJJLllj t5j-^^ oUUlI Vjl ^jr^ V ^r— ^ --^t^^' V^^^ vA-^ (>^ W 
J^ U-S* t^».flll Sji' «^^ \j<-j9\j tuytj. u^j5 <-J -iij^!*"-^ 0» tj-^^ t^J^' (jLSGil 



Otto Neugebauer, The Exact Sciences in Antiquity, 2"** ed, (New York: Dover : j_Ji«Jl (1) 
Publications, 1957), appendix 1; traduction fran9aise par P. Souffrin, Les Sciences exactes dans 
I'antiquite (Aries: Actcs Sud, 1990), pp. 239 - 255, 

. j_^j-JQsii Lf>-j:5l ^1 Aj-<JLfJl L.-S'lj^l oli-fJ c>:J»<>j ^.^ u^-r^ ."^M •— rr^ 
Claudius Ptolemaues, Lc Ltvre des hypotheses: traduction fran9aise par N. Halma : ^1 (V) 
de la premiere partie du livre I: Hypotheses et epoques des planetes de CI. Ptolemee (Paris: Merlin, 
1820), et edition du texte grec de la premiere partie du livre I et traduction de I'allemand sur 
I'arabe du livre II par L. Nix, Claudii Ptolemai Opera qua extant omnia, vol. II: Opera 
Astronomica minora (Leipzig: Teubner, 1907), pp. 68 - 145, et Bernard Raphael Goldstein, «The 
Arabic Version of Ptolemy's Planetary Hypotheses,» reproduction of the entire arabic 
manuscript, which contains the second part of book I, and a partial english translation. 
Transactions of the American Philosophical Society (N.S.), vol. 57, part 4 (1967), pp. 3 - 55. 

. *^l CU^ Ljj* (Jj5c--. jJl t ^yo:^\ IJL4] irfy^' U— ill j^ cr-^ C.»i JLiJ 



r\ 



^^^. ^1 luilil fL^Vl JliLiI ...i^^ ^y^^ SI tiJKU Ja-^jSfl j^idL «V^.jJ» 
c_^y i;L)f tiUSj toLS"^! ci-Lit JJU-Ii ^*-*— »^ tx^l ^Ij-Ul LfU-b ^ jj-ai: (1)1 

j^^-^ ^j^..>.Uaj ^j .^^^l SJL>.jJl Cj\j$:i] <>^jVl flkJU J'Jb U IjLaj t^Sfl 
Jl ^^! U iJutj .jy>lyl ^ h^AlA oljli>l L^t > fl...;tj|j 'J^'ji' ^^^J^ •^'^ UajJ 
/iUalD Jjbr (iJL«Ul« (^dt« ^^J ^^^^"^ (jT^-'^ f^ (j^ ..tflnTll ftJbJLlJl lij^\ ^ 9'jj 

.a^^\ uiJOAll t^J^ U-'lj S/^ J>1 t^iJl c^l^i 



^j^l JySflj c4j>Jlj ^j^l j;j>JO ^:J> J^ ULc jl ^^...•^l Jj^ JJ 

(_^j::4 >*J toUjJl ijJJlj Jaii (jllll jt-«^l U,^;^ Jai>' i^jy^ ^ "^tjj .((j^jjjJlj 

t^JJl JJ^/I ^, M.flll Ul iii-Jl J!>U. ^ Jj^l Jx. (»>>*iil 9.Ui^\j jjjU! ^_^- J^ 

. t^y^ ^_^ Ml tijju jji ti*^U-l S^UiJI el^J c^^ 45^ JJL^ Jp t5j::4 

4 c-->ll^l I JlA ^ jj^j-Jdaj JLOw . ^jjJLkb «^ rj-i ^bS' ^^^^-^ t^^t>LLl A^l^l jjiil 
iajUjJl jj.^ 'j^J 4J./itf4 JjlJL>- tA^lL* tAj^^lolII ^hni^U ^llJ ^y^ '(J-*^ J^^ 

l^'! ^1 j^^k-^l ^jj-i cIUJlS'j t^Ul jjill ii^ L-^yJl uijSOUll j;3 ^ oUljll 
j»— I Oc^ <Jjj-«^ V^jt^' c-j:^! ^ 4l.>J..,^ Jl iiU^^/L t(^jJLL^--Vl bj^j ^^j^^ 
: j»--^ ^j . ^k ^»iU flP-l^ L-JLL^J" j-jJLjo c-JL^ LjiSi S^^^JUoJl i L , < JLaJl ip^^.«^l 



: ^i . ^^a^^*J>l o^UJl i ^jj*Jl : v^ b* c^ <^ *^l:^l li* {Sy^ rj^ Jp ^tp Jiij (A) 
Regis Morelon, «Fragment arabe du premier livre du Phaseis dc Ptolemee,» Journal for the 
History of Arabic Science, vol. 5, nos. 1-2 (1981), pp. 3 - 14. 
^ ai-ljdl UJLlUI uiijUdl ti^ 4i.LkJll 4.1:^ otAil JJ t* • Jl_^ ^ ^jOjI ^U ('\) 

.4jjU-JI 5^;^ ij-»JCjfc i-*ljj iSy>^ jtk\^\ aJcS L.1 .U^^ 
tS^I i-.-LA ^^>« J^\ o}:S ^^ 2^^ ^J '^^' lM U^' <^j^' c** cT-Jr-J^J^* cr^^ ^^ *^ 



rt 



JLp ^ ^jJLlA ^j^ ij'DC t JjVl JJ-I Jl dy~^, ^^S}\ «-J^I ^UUJl jS'S 

ji jij jij t^iiji jyiii ^.jjb jl ^Ui jyiJi >ij! ^ v-iJl i^jJi ii;^i4ii iJLi'jVi 

j-sojj iojL- ib-j^ j_^ ^y>..».:J.fH iiJULiJl JL*u JaJ^ <_f*J^I L^-iulilj t^y— J' jb^^ (J*" 

i JjljJL-l ^jJ a^jL.^ cPl^ ^j «* ■A.-J Lf I VI . ijjJaJl ^jjjJl j-- ^AJi Lf^ Jb>j 
OlJLiI iJuh J ^ji^\ .UUJU ^_^l j\^y\ d\ .^\j^\ cj\£jp^ L5L-J ^ JbJbJij 
Lf]^ La IJUfcj toliJLill cjLI »- ^ (i^Js-LjA\ ^y^\ yj * a.^0 v^^ JLj-^ ^ 

^^^i .iiuJi ;$*> ij>: ((.no\ . YYn) o^^l-ui j^ j ^>ji ^^ o^p 



l^\ yMji uihit liS"^! S^l J Ul^j JLii ci!>ai JJ clJlill Oy^l ^y ^j5y>j1 ^^U ( ^ ^) 
t,j-«*-iJl iijS'j^ *Lj»y ^ji\ *iS/ j>f-l^ >*j ti!>Lil JJ kiJliJl (jyiJl ^ j_^^^j! ^^U (\T) 

.(1)1^1 vJJJi ^ \jkj^\j jlfJJ oJU Jji»l ^ i**-llj UJ ^J^^ k-iJbit 3jj-i 'Ui** 

ol.UA.-lJ V^*^l ir^l t> -r^' *^^ t^>^ c 45^*^1 JjVl dyii\ ^ ^jic^ ^U (U) 

"iolUdll ^J* Jl i-.JUL*Jl ^ :oliiill ^1 :yLp ,^ULl J^l :>Ji . J.1^ ^^j^ ^•jUl ^Lj 

.ip^^jii •!» ^y ^lili p^\ j^-> 

'Ali Ibn Sulayman al-HashimI, The Book of the Reasons behind Astronomical : jJia_Jl ( > o) 
Tables = ATrVoZ) y? 'Hal al-zijat, reproduction of the unique arabic text contained in the Bodleian 
ms. arch. Seld A, 11, with a translation by Fuad I. Haddad and E. S. Kennedy and a 
commentary by David Pingree and E. S. Kennedy, Studies in Islamic Philosophy and Science 
(Delmar, N. Y.: Scholar's Facsimiles and Reprints, 1981), pp. 201 - 211. 
..^! (\ 1) (Jj JL.I4JI J 4JI jLlllj U_^_^l oJU y. ^^\il\ ^^1 ^yiP ^_^UU| J^l^l (^1) 



rr 



oJUl Jl ^Lm.-j^I ^_y^ j . ftlUt (-jIiS" ^j^) {j^y^ ci-'^^ ?y"^J^ ^^ '^^W iJJLIL; 
jl5Jj .(lIJLLII ^j^i^ JLf^ ^) ^11 • jl 'f'^^'j f^^"^ tj»lo» ii^ ^ :iJU:L* 

^ ^>-LiJI OjJJl ji-ljl ^_^ ^U»jLi ^U Jii (^V^» /_A \Vi i:^ JyJ^i) i^JUjL^Jl 
iJ^I <iJjLll ^^Ldl Jjl cJL>w^ ^j /^"^^c^L^ JLi <JL*-pI j^j tj^L^jLi^ 

«-«L;^ Ui> jU?jVi fiJlA cui JiSj .Ai* ^-^j (AVV -AW) jj-oUl ii^A^- j^ *je"^l 

U Jp cj^l i^oli.. j^ ^j .Art - Ar^ /T\V. YM S^l ^ <,'^\S 'K^ d^^ 

JJUJl *yi ^^ V ci55-!>Ul ^j^\ ^J Ujl>J ^1 ioijil 5^ldl ^Uii^L t^^j 

djSsI (1)1 A-Jj AiJlitl c,JLW Jjj t jj.f...U ift.^:i-l CUa ^^^ Ij-^ t ilJLxj j_^ JU^jJl JUpI 

o'ySlI Jl <>w^lj SjLil Lj iJljjh o-Jj .iiJLll ^ j^ ^^^ i^ 4L ».:,., U o^fVl 



«Astrology and Astronomy in Iran,» in: Encyclopedia Iranica, edited by Ehsan : jiLJl ( ^ V) 

Yarshater (London: Routledge and Kegan Paul, 1986-1987), vol. 2, pp. 858-871, and Edward 

Stewart Kennedy, «The Sasanian Astronomical Handbook Zij-i Shah and the Astrological 

Doctrine of «Transit» (Mamarr),» Journal of the American Oriental Society, vol. 78 (1958), 

pp. 246-262. 

Aydin Mehmed Sayili, The Observatory in Islam and Its Place :^l 4 JLv»IJ.I iil— • ^y ( \ A) 

in the General History of the Observatory, Publications of the Turkish Historical Society; ser. 7, 

no. 38 (Ankara: Tiirk Tarih Kurumu Basimevi, 1960). 

Ibn Yunus, Le Livre de la grande table hakemite, partiellement editee et traduite : JaA {\\) 

en fran^ais par Caussin, edition separee des ((Notices et extraits des manuscrits de la bibliotheque 

nationale» (Paris: Imprimerie de la Republique, an XII (1804)). 



n 



o^lj tluykOkJl jUaiVl ^LJJ <^^l lj^\S <lj^\ ^yi}^\jjA\ ijici.\ ci!ii^l 

c^yJi ^u>Ji ^,*-- J13J .jv^.jLdJi dJUUJi jjp ^ ^ujula; oVSfi DJL* cJiTj /^'^<5LJl1 

c*i^ j^l Jj^l <Pj.,^>,^ oul; (^^I :>L^jI ^Idl j^l J^ cJ>J- Jij 

J-^ Jp t^j .^_^i^ JiCJLi iU»jVl flJLA JS" j*j^ tcJjJl cUJi ^ c^ ^ 
1 JLv^j ^ i J^ jJx-->Jll ^y <JLi-P Ji* ^ Jii ^^^-^JLiaj^ (1)1 Jx?-':^^ (jl ^;>5Lw t iJjUll 
o^jlpj tLfjJL?-lj tJjLj j_j3 JA-1 LpJil t^\l\ iw-j .^.j VY • c--rf j^ U c*j^l 
^UJLp (1)1 <^^JLj J^^ ^j-"^ u^ t>^^ l-i^j • '»--4* ^ ^ j-ft-Uaj JJ ^ t5>=r' '^^ 

. <JUpt ^ ^jjJLkj L^JLp 

c jJuj L J^ Jj J^J Sj^j taJLlP JL>J (^iJl j>j . UU- Ltj^^ jUJt* ^_j3 iol^l ii^l 

(3L*-< ^ dJLlSj t jl^jj c4j^ JlJU; <^i JJUUJI (JL»J t-jliS" ^ «JU<>jJl c-*^lji» Jl SjLil 
jlJI jLil JLil /^^^J-^l i.j-^1 ^Jl^ dJUSj t^U-Jl ^ jliC Jj> ^1 3^^ 



Charles Joseph Singer [et al.], eds., A History of Technology, 5 vols. (Oxford: . (Y • ) 
Clarendon Press, 1954 - 1958), vol. 3, pp. 586 - 601. 

.Jj^Jl iUjVl ii- c^U^ JJL.ij ilJLii ^ (T^) 
Olaf Pederson, y4 Survey of the Almagest, Acta Historica Scientiarum Naturalium et (XY) 
Medicinaliiim; 30 (Odense: Odense Uoiversitetsforlag, 1974), pp. 408 - 422. 
Albategnius, Al-Battani. sive Albatenii Opus Astronomicum (al-Zij al-SabV), \j la ;i (YT) 
vol. 3, pp. 137 - 138 et vol. 1, pp. 91 et 272. 

R, Eisler, «The Polar Sighting Tube,» Archives internationales d'histoire des .j la W (Y O 

sciences, vol. 6 (1949), pp. 312 - 332. 



to 



j^^^ i>-iLo^ (Sy^^j toL^JL-l A^ ^ ?^jt^^ ji-^. ij^ ^^*-^ ci^ U^lJb-J \o\::Sj>- 

(^^Vl i^>-^ ii^ jJ JtA^Jl o-^ i«- Jj> 2^jJl JyU J-^ ^^^ <-^ J* 
C-^ lU- "^^J ' J^' {;)^j^ ^0 t^j^J ^jjlj^ (j^j^'l *^j ^ ^^i -i»b-l ^_^ 

tiJLLj ipj— J ^JuJ . j-iLJl Ojiil J"^ Jj-lJl j^ c5>>-l «j:r^ iU<»jl ciJUfc-* jlH 

.((»^A^ ^ ^AY /^ rv^ ^ rvY) :UjjJi ^^ o^ ^ i^^i ^^i jsij^ ^ 

ciulill c-^l^l Ju^j t^JJl (f<\An /-A rvi 2c^ J^l) ^yj-^Jl ^^1 ^ - 
^'^^ ^ ^^LLI j>il iil^j ^UJl 0>JI >ljl ^ SytUll ^ ^^. ^i . 



Joseph Needham and Wang Ung, eds., Science and ijJiJl . qpv ..^ li ^^ ^^iL—Jl Oj-SJl JLl-« 
Civilisation in China (Cambridge, Eng.: Cambridge University Press, 1954 -), vol. 3: Mathematics 
and the Sciences of the Heavens and the Earth, pp. 332 - 334. 

Eisler, Ibid., pp. 312 - 332. (Yn) 

<^jiJl i(^^A> iSjbjJUl JLiVl jb :oj^) ^ o«-J» jLjp! ^(^^flY' i^JUixJl ojLJlI S^b 4-jtj^ 
H. C. F. C. Schjellerup, Description des etoiles fixes; composee au milieu du dixieme : J 4 . ... 'i^jLH 
ji^cfe ^e notre ere, par I'astronomie person 'Abd al-Rahmdn al-Sitfi (St. Petersbourg: 
Commissionaires de TAcademie imperiale des sciences, 1874), reimprimc (Frankfurt: [s. n.], 1986). 
Ibn Yiinus, Le Livre de la grande table hakemite. : Jail (Y A) 



r^ 



o>Ji tju- ji^ ilxJi >5:.vj .ljl. -uul t^JUi ((. 'i^v - <\vv /-* tAv _ rnn) 







/ 





20 m 


/' 


10 m 


/ ! 

/ 1 


r 
10 m 




\/ 


10 m 



iu^ cjULtl 10 U ^'.4 J5^ JjJ* /'•^^tiJ ij^l 3.5 iiL-w* l^^Vj* J .,/i a" 'uh3'>^ Oi^^ 

<.!*-;>• t4;.>.uJl jj»^ cl*"''^ cf^ ^J -f 20 iJLj L^U-ij t^jULJl X>CS ^ \j^'^jA 



Fr. Bruin, «The Fakhri Sextant in Rayy,» AI-Birum Newsletter (Beirut, American (Y^) 
University of Beiru*), no. 19 (April 1S>69), pp. 1 - 12. 



rv 



j^ JS" Ji«u U-J 360 JJ i«j..JLt ^ykj t Ljjtf j»-^ 35 i>-ji JS* JjA* iii Jij . ^1^1 

jj^li Jij .^^^U^l ci^UJl Jp Ajjlj ilft^ <Li,> U\ji j^ SjjIjJI bJLa jS'j^ JbJl^ Jjuj 
ia^ (^lij *<>-j-5 TV* ^VY t ^^ J LjL^ ftOp-ji r>j^l ciUi JJ ^^1 i--. ^JLl>J-| 

soil ii^ JJi (^t LjjJ ^ ^^j .i>-ji Vo hTi iV^ J LjL^ ^J^y (jj o^j^ 

Jiii _ iLLJl JL^IJ.1 jA ^Js- ^J pj>J.| S^ oVT ijs^j Jl SJbJLP oljLiJ illUb 
t ilJJu ^y iJjjJl cij-i JU»j^ ^ ^ 12.5 0^ Jjl»j i5j^ <i5Li <^Lj jUJi S^ j*-? 
^^^JUl <pjj ^v* <Jj Ji^ jJ^ *,^:;?^^ c5j c-^JLm- <Jl^j <2^^J - /^"*"*'^ j^*)*^ ouli^j ^■■•— i 
;^jL-,.jJLjJl o'y^l ^ b\S Uj-jj tc-jU JU»j-* (iUi: ^ ^^ ^LJ iiJiJl ftJL^ ^_^t 
^ Lw c JU.a::^!>U >-T oliC Jl JJUlj Ol5C J ^^1 ^^SC/ jt JiiiJ Stli JJUiil 

^ 1 ^ ; < <> ; ^_$^j-«-p J-usjL* o>li o>-j^j-« 5^ U . .. • J^-*-^ *>r^J Sjj^-^^ J^j^ ct* 
^>^.Jj i^jJil 5^1 JJI J^ Jtf...H Sjia....ll JUJL^ -J^^' '-J^ J^*- W^' OljjjJl 

4^l_^t ^^^Lajj ijJalll >>-^j ..rtTJ jt-|>>tt^ 0<djj^ ^_^ LJLnJi fljifl.nlt Lt) tC.ft....Jl ^j^^A^ 

Ijl^ ^_^ ^jAj L-S'y aJIj JL>J ii^j . ij-s^Jll *— J^-l f^ji ^j^jlr^..Al ^1^ ^^ ^1 
OL.^1 ^ ^y Jl^p- jj^ JL.UIJ . Jjj^\ <A^j ti-Ut «J-^<»^I c-j>t^^* '^ cP^ 

^ l^ 4^^ (^>"' ^'^ ^^l ^'j^ c5* (^ ' ^ crt^ J4^ «>* ^"^^ •'^ ^-^J J^ 

Oh-^j^^ ^f-Lj^a ^ cJJuj jW^ ^-^kj J' - i V-*.^^' jJ^LJlI ^ (Sj^ *^y^ •■^^j 
- ^>>«^' t5j^' o^lJlli j5'j^ J^^ J St...,* Ji^ OIjjJLU ^jJlili ^yJaJl t-^j-s<aii 



*_« aJUVi oJJl Jl aL^^j vi-r*^' u^' (Juynboll) Jj-i»Lsi-j (Wiedemann) OUJulj yu (f • ) 
Eilhard E. Wiedemann and Th. W. Juynboll, . 5j-iJl a JL> ^ JIS^L OUUJl OtjLClJl . ^j^ 
«Avicennas Schrift iiber ein von ihm ersonnenes Beobachtungsinstrument,» Acta Orientalia. 
Bd. 5 (1927), pp. 81 - 167. 

^^ J^ji\ OVT JP jjJ^\ ujU^I AMyu lij ^1 oLl«l Lw iiJLJly . ^ aj;»jf JLii ^IVl ^,— j L-I 



rA 



1 Jla ^I Si\:^ ^\ dj^^ Ol fy::^\ ^yj . Ji^--* J<^ J'j^lj tpl*^' S»ly ol^l 




(h . ^) pij j^:jsji 



c.^-' 




.AB = CD (:)jS:i d«>^ toltll ^ii^Jl Jp D J C J t Jj^l :iiJL4Jl J^ ^J ^ id\^\jj» 
jks UUll S^^kJil Je^ ucjiyi <yU^j S^ly 01 . CBD ajj\^\ bj CAD <ijlj3l a ^^^ScJ 

A (jjj-jiiJl J^^ ^ (_5jU-w- a^ Jl ^^iaJl llJj-s^ ISI . ^j^:JJl jJl ^^ (.5-^ Oyo« jj-« 
h ^IjU LjL^ ^j-s^^' t^jL— Jl f^r^iJ VJ-'^' f'U^j'yi jjio - Dj B jl .. Cj 

tC J B u>Jil)l U'ljU- j-4 jJiJi Lj3-/» ISI L-I .h=hi-a j^ d*->»^ h, J ajjL^ O 



r^ 



«j:^1>-jJlIL» «-j>«-./> iJip jj^^^j 4jjL«w« hi i^ 0^^^ <>t...*>o ^^y* ^^ R J"*^ cr^^ 

JXJLj LLJI 5jia--il ^^ (juiJ^Jl j^^i-^j Ji-^^ t^^ "^^ ^ • r>^' f-UJjl (J^hIj 
j\ a ajjI^I i«-Jj jJ^ JbJbOj Cj B jl Dj A J^U- ^ j^jU-Jl ^^1 Jl*^^ f«-*— i 
<j^ a ^jl» (_$_^ iSJLLP LJLp ^^fLj Mj . SJL^I^I l>-jJ^\ ^ 0!AJJJ Oi^^ b 4jjljJl i«-J 
CjU-jJJI iJLp j^^iajw R Sj;w ./ill Sjia-Jll ^-J>y* <1>I (^jj IJ-^j .h2 J! b •■>k3 J^ ^ 
L-^S" LJ Ji^ ii^l «JL* jj .CDj AB ifCiX^S ^J»^y j^ JjUjJI j_|p Ju.a>«> Ujlj 

Ml c^l^l ^ 4 J.*^^ ^1 JU'^I IJU ^j /^^^^jSlI ;>P IJL*^ ^1 <^^ CJjJl 
^_^^^j JU<»j^ Jjl OlS" ^1 ^1 . 4 ... '^y Slijj aJ J-wJl v-iSy SI tiaxi UU ^A Sjd 
^^lll IJL^ iaij t,^^ JbiJ . jJi Jaiait ., .U;T jli?l ^J SOil ftJlA jL. iJLi» <l»LiJ J-^l^ 
^ (jliJl V dsrt'.il j^ * J-«^ <1^^ "^-^ ^"^^ cjjju (^JUl ip-lj^ X^jA t^K-s^lj Jl^Aj 

/^"^^yyJl dlLiJl (Jp ^>- ^ L.U UUi^ J>^ t^Lp i^llll 0>JI 

^ 4-Pj-^ -^l-*-^!^ (y^^l t>l^l Vj^ <Jtft-i ^^ Ajij <^l) iplj-* JU^j^ 9X.A-*- 

j>^. 1^1^ ^^jji ..La*Ji c^^^Sfi jp c jJtj .t^uJVi gijii ^ iiXiJi jjijjui 

ol^^l Jtii*«ii ^j^j*JlLu lf«-s^j j_^l dJUL? ^^ (j-^^ v^J^ oUl* ilJU.! ijil^l kS 
jA uiip-Ul ^JU-j J^jJJ jJjJl .t . Udl J oLJSU s^^*X)l lij^\ Ju^ klUij tAjjU-Jl 

^_^^1 j^jJl ^^ 015 . JL>-lj t)T ^ 4J J^l Ij^Ual-l ^2ri^' t^-r^' (^>^l cJjS 
£i^ J^l) ^^1 JirUiH t<^ J-^l w.j(f\YVi - \Y»\/-*nVY _oW 

cIiJLp Jp t JjVi ftjll j«A «!> cJl^j .4:Ui; Oj^tJ ciUjVl Jl^l ^y obb obl^l 
^js>- ^ J-^l jlj-*^^^! ^I^^l ^-j^ j-^ L* IJUj 4 jLLtMl IJlt; JU<»j^ L^-i aI^ j_^I 



Sayili, The Observatory in Islam and Its Place in the General History of the : j__li Jl (f \ ) 

Observatory, pp. 160 - 166. 

P. Vardjavand, «Rapport sur les resultats dcsj if^O-Yo^^ 4*-^ jJUoil : ^JiJl (VY) 
excavations du complexe scientifique de Tobservatoire de Maragha,» paper presented at: 
Muammer Dizer, ed., Proceedings of the International Symposium on the Observatories in Islam, 
Istanbul, 19 - 23 September 1977 (Istanbul: [n. ph.], 1980), pp. 143 - 163. 



«^JL>- US' tflU-j t^jJl j*»Vl ftU^ sLfO /iliiJ I Jj^^l d\ ij t^VjJfc <*— Ij^ SUj JL*j 




dUl^i JU»^ ^^J'iUl o^/Vl ^.■>.^:l ^liSai IJU ^yJl 



i\ 



^^-^ A^L^j v^Vl ^Jip v^ v^ toVSfl ^iJbit Jl isUVU cj. 280 X 220 

OytAi sjd iJii^ 4j^^_^l ^^jJl ^^2-^ 6Ui|l US' tiL/jljill 3U»jVl Tv^j^ ^^ 
j_^l Jl cJip sjdl *JL* b\ Nl 4v_---JI <j-iJj oUSCJL. JL-^^ ^ (iiJS (1)1^ UjL* cUu 

Jj..^.a.li ^ U-flP vi-»JL>«il->i OIjLUI c5ji^^ clK-J^' ^-.laij (jJjJJlI jI^JLII (^5*^J tLijU 

cJLiLiJ IJlSLaj . ^_^^.o.lk.> iiJLU ^ jJLf aJU^ ^ ^>^j<-i ^^y> J-^ . ^^^'^^ 
^ uiJLUJi jJU> ^ j3-!Ail j^l JS' Jp fU ^b I4) jl^ ipl^ J^p- iJLib- «i^jju» 

.(3^1 

^.JL. >-T sUj ^^u i.^\r\\ /^v^o ;:^ ^^^ a^j,i iIa I»UJ jL*T ilijb 

^1*1*1 jl VI ,^\X*i /-»V * i 4JLm/ 4jjbl jJLl^I (^jJl tj^JLil J--^l j-*j t^ *-*jj-*-« 
U 5X» J-ft-p Jii iplj^ JU^j^ jl OjJlS'I ^jj^ ciJJJU .^^V'o • i:^ J'>=»" i^-^-fr^ cJLS" 

. -LJ J-**Jl cJijjJ Jj^ ^i^^ ^UaPJ <.^ifi.T...nj 01 c)ji UU uy^ ^}f' Jbjj 

. <^^\ ^jS2\ JL^I^ ^J^ Ji^ ^^ '^' ck ^-^ ^j U^^'^'"" J^h ej^l 

. V^^' ^ (^ ckj '^' OLS* c^JlJI ^ jJl (^li-l fUt * /_*AYr iL^ xSy^ 
fib JLii J^M.U.xl JU^jr* L«t . ^^^^Lji; * \ • • <^ ^y>- JL^JlI iJUh isLiJ J-s^ljS Jjj 
. ^^^^iaii *^1>- SJLp t5j^ Jwu ^j (»\0V0 I J, <\AY iL^ ^ plJlil ^^jJl ^Jb ^^^SCUll 
^y tJLi^JI ^ i:^ (^L?- Jb Jp CwM^I ip-l^ J^JIaiJ i*jUl (ij-SCJl Ju»ljll j^ljt jl 
a:VT cJLpI Jlj; U t^JJl ( W£ •) jj^U- J-^j^ i^U- Uj^ ^IJ . j-i^ ^\^\ jj^l 



L. A. Sedillot, Prolegomines des tables astronomiques d'Ohug Beyg (Paris: : j — la — il (VV) 
Didot, 1853). 
Sayili, Ibid., pp. 259 - 305. : >:i(r O 



lY 




■ (i^^ ♦r'j^ 'r'-t^^ JJH^ -^-^-r* 

^^y^UuJl JL^^I I^LlJ Oir Aii t^>Hj ^JL^Vl c^^^UVl ^yJl ^ L*t . J^l 
jUtfl^ ^ i3L* o^)>iJl JJ c.lSi ^1 Sjlj>-jJI iiJjJl <iU^jVl l)[ .4-»-Uij oU- Ju^lji 

/^"^Jx^^l Ojyill JtAi- ^-^1 v>J' «> j=t^ ^'L' ^JM^ 



Dictionary of Scientific Biography. 18 vols. (New York: Scribner, 1970 - 1990). :^l (ffl) 



tr 



^»T>I J-^l jUaJl ^y icJjJl *jUl jjla: «--j j^^UJl 0^1 :uL^ ^ JlJLul 

Jj>-V 4 cui JL3J . Uf4 ^_^***'^lj j^Ui^rVl {i-*jj^ 015 j^jJl (>,.».^vJ.! i^l oLliaJI 
J5U4 J^ ^ f.L^>l ^^^^1 > ui^aiil ^ cJl^ Jiij .^lujSfl :ub^ cLsj^- wiUi 
j^l a:^ ^ Lt iJufcj . j>«Jl (_ip' j\ (ji»jVl Jp ^>Jlj oULJlj (»jjliJL» jIjcS aJL* 
: *:Ajli jJLp (5iU-l OjiJl -ulJb ^y «j^^ t^Ul t j^^^U^I ^j))! -uli^ <^jlLi ^y (^^ 

jjh ^JJI jiiJi <>■,■» 4 ^Jl^j '>?«iJl olijl J^] ykj 4v-.ljJtJlj ^UUI p^UdJl Jp 
c-^ldJ cij--5CJl i^UjL iijjJilj jjJLJlj OLwVl ^Laailj tX^Nl LJUJl oUjI Jjl 
V ^J ^M r^^' u^ iijj«-« j>f-iJl j5ljU ' J-^ J^ i-j^XJl Jl o->Jij aj'^L^ 
^ ^loi^Vlj ol5C ^y alSl. c..>... ilij**j jUJl ^^j ^^1 ^U3j j^j^l Oljlj JjLi 

Jjljil ipLw> \ Q^^ J'^-*^ *^ ^-^ 7^^ «-ij— ' . A;>-j^^l A-JijJsalJl Jj Lw .a. 1 . 1 J--^l 
<^L-5- tijyc OlSC ^ U^UiJl i^ ftlitl JbJL^ KjlS (^1 tiLiJi aJL»^j coUJil Jlpj 

nXY <i-^ jJ_^ /jjJ \*V o»-JL| p^ ^ oIjlj JL5 5^H^-fJ^ Jj^^ 4-;,... II oL j^JlJ 

JUp JUI ^^4-1)1 ^ J_p-jJl *Ii Ulj> t ^.>»-»Jt i^J^ J^ f jJl ji-ij •^-'^J • ^Ji ^ • 

i«-J ^^^^olUt ^_,1ipI JLi3 . ^j..4> M.ll cj-'jji- JLfcj UU JiSfl Jp c5j-^ <J*^ Jj' ^J 
^jL-J tl^;4-i y^p j^l ^ iiJjll A*j^l alJLI aJLm.jJI i^JiJl uli ^JU -(^dy*^ ^r*-* 

^^1 ^ f^^^ il>^ /l.^. Y<\ J -bjUil Jl>^l olS ^Sll ^ L.ji r« J LjUlI 



Ibn Yiinus, Le Livre de la grande table hakemite. pp. 60 - 61. ". ^l {T\) 

11 



:4JliJl fUjSfl J*^ J^\J tSjjjJl -JL^ tsyiP t5^>l oI>lJI ^>- i-- j^ ^Vi 

^jdi jp jii^Ji pii^Aj .Y'\j tYn cYi 4Y\ ^^A 4^-l <\r c\» ^v co cY 

f^l ^U.. 4 jiS/l Jp J!^ Jjl :ujj ^j .JL^ J^ ii^iJl oLkai ^ 4 Jd>ll 
oJLa <J Jva^ j^JUl b\Sl\ ^ j^JJl ^^^^ Jl LjI^ 3jJL- oJl5 4^^jJLiJlj ^Ul 

j^i tU*i)l j!Af)» ajJj ^.^t27 iL^Jl)! Lu^LlI jt ^j .^^^>l ^lUJl cil>l ^j^ >-T 

U.Ui 4u-.LJ^i ji> ^ iy^\ ol5l.i ilL^ ^ dUlIli ^Uh> Jp A^j>ii ilLil 
^\ ^ dciJLlJl L^ Ji-Jb J^l f^LSfli ,^ L. iJuhj) ^j^'j^\ p-,^1 oLk^ 

cdULiJi *ujlp ^ jbJbJi Lfcip 4^1 JL»j .^1 . . 4 jiMi jp ..uJi ;ju^ ijisai 

Li'j .^"IVY i^ jjjj lo\jiy>- ^'\ ^y tjb (^jJ! A^i>i ^li J ii^ Uilki jlS'j 

ISJ ^U i«> U>.T ^y I4JI ciUaji tUji jjj*>^ L^ Jb-lj J^ J^ tl^ yLp ^^1 
aJL^)/! ^USlI «JU . 4....>.j.,.5' o^^ Ujlip «^1j1*- ajjI Ji" ^U i:— 'j t^Jiip ^Llm. oJlS" 
4^...».t.ll ii-Jl «^ iL«-^^l ii^l 4.a.»lla»t c*>«-*-» 4 *4.?M.^JI ^USll» 4^,^-^ dJlS" ^_^l 
^ 4.,„^.rH SjjJiJI oV ajIjJI JL« ^,^1 IJiA ilJJu ^y dULiJI ^UJip ^ JLi3 . iXUll 
^1^1 ol^^ JjlJL>- ^j Jf-^1 0^ -^^j ^vliUJl pip ^y oULiil ^^Ul ^ 
JJLi ^t i^l J^ ^j . L.ji (jy'>^ (^'^-5 J^ '^^L^ ^ J^ <J> <>»:£ ^-J^ 
t^JJl _ pIiS^Xa *1jJS\ j!>U cik jJLp i^^Ltl D^l ^1 Jij 4^^l Qjj \AJJT^o jA 
<^y i«rtj^ oUj c^ IjJl^ ^.JUl ciJUUJI ^UIp . lijT aJI jUIl ^1 j-^Jll ,_^^f 

J^ji ^JJI tj*^! ^^UJli 4f \ •Vo/j.nv i^ ^ ^ iJL^j .AijA\]^\ ^j...^\ 

Li IJLa J _ JiLJl *<jiiJl ^^ <i-- Y'Y ^y VJb - iL- VV J5' -L-^ c^IjJl^ jUj -ui 

Jha4 i t^ III ^tj;>wdU -LjJi «»^l iJu 01 . aJCUJI oLLJ-I *^ I jbr lilk? J^pI 

j^^j^l Jl ^^^jJi |^.>i::Jl 0-* JLiiiNi ^- Ujjlp f.^ oAY ii-- ^ Vl v>Jl ^ 

(rv)* . :., 



«Djalali,» dans: Encyclopedie de VIslam. vol. 2, pp. 408 - 410. : ^1 (TV) 

to 



dlUll ^ -u*-J Ol ^>^. L. £jli- c^yJl dlUJ! I.LJUJ t^^l o^Li! ^ 
jlJLlI ^ iU* ^ ^ V (S^^\ o^l ti^Jl .^iLLlI ^ OIju* ^ j^»5;j c J^l 

.jJLp i^iU-l Oji3l 
iij5LiJl A.li^ ^ ^y JtAi- ^l>l ^_^a*Jl cJJLJJ Ju-U ^JLi:. U\^r\ . <\no 

. JyJI ^ >Vlj ^!>U)II c-,>Jl ^ L^J;^I vo^Vl J^ ui^ill^ 

^^^rj ^ i^U ^I ^ ^1 j^ljil Sjl>Jl1 oI^I Jl S^^lj ^^\)\ li^jU-l ^IjjJlj 
•If] Uu^.JtJ ^1 jLir^h (^Lp jUJl (D^JI >ljt) jyrj>Jl 01 . V^.i-^' >^» 

Jl ^^1 I JL* ^^^ iJ^j . i*ij^ ^U^jlf ^'^l •!* t>» c-Jdl jl 1 1^^ (>• li*^! 

^ 4Jli]| S^L A-.*-J L. IJUhj c^^JLp ^ li 015:3 jyJl ^ ^^1 JJ-1 U 
oLljjb j^ tc-^l^! oir^^ JJLit J^l j^ cO.^1 t^^^ SI ^L^j^l viJLUll ^ 
Ijl^ Jl ,>;:.,■■; olL^l oJu oJl^j .^1^1 ii^^l ^IjjJlj y^>^\ ii!>U\ 4^jlia 
J-*jJl IJLa ;ja j^\ ^^\ ^ JLiJj .j^j-JJai <*-^j 11 iiJlit L^j t^^jVl AjJS'^ 

. LSjL* ftLL^j (^JJl iplj^ JUtf j^ J^ J^*ill Ji^l c5-^' ti^ 
^J;j*i4 j^^JUa* Jl {jy^\ iUJi ^y (5,^^' ctiiiJi JU j^^kJ lu^^ jt-wJl— < li^Uj 
^ <_y*!^Nl «-^yJl (^ tJi-^JiJl JaP ^ jJl^TL^j c^jj-^l tjcJjJLJI j-j^yiiU t^l*^ 



.jjL^i ^1 j^i c^ .jj u ^i;ii ^ >;i (rA) 



^*^jxli£^ (iJbsllj i>al^l uHjjall L«-J 



J^ jl5 Ail JjZ h\jj\ j^j jjUJi I JLA ^1 ^Ju ^ . «iIUJli LJIp ^ Ljii* iJjj 
Jl J^ jj ^1 lift ulj ccULUJl Jlp ^ ;^.^.,.;..JI UJLiL JiVl J^ \j^\j L^ 

c-ilS" JLsj . <*i^l ^^-^J c5-^^ cUUUJI Jlp jj-sA>o JLLftJLL«Jl ^ij ^1 »JU^ ^jJ^' 

. J?_^— -11 ^^jJb J-,dAJl iJlA i>-^ -U (♦) 

oL^idiU j^^*— II ^jj>Jl j-.fls^ y^j : ^-U^J-I ^U t JaiiJi ^_i-*jj j^ Jp j>-^l y} : ^1 ( ^ ) 

.(\^»r t^,^.i :^^) o^ ^jJji jJi^ t*U5:J-l jL;.l *UU3) jU-1 yl::S' j^ oUa2dUll 

. JjVi JviAii J AiJi^i ^i^t Jl SjUyi >:i (T) 
t[. j.i] :^aJl ^U jjL>.) JL4U U jJi^ ^ ^t::^ * Jj^l jlj-I ^ j^ jU^I j.! : J^\ (T) 

i^^pjip «^ii. oii Ujj jii. L-JLLP ijb^ ;:^I c-jis" t^u jxjlj tujjJ' tJl -^^^ - ^<*^ ty* '(^'^'^a 

:^^LJ1 ^jiixj ,_y)ii >,.,■,,> ijlj^l oJL* ^y ijj U JS* iJL^L li^iU?! *^ jl *^kL-J N L:i^j . 4,s,2>- 

oJ oLj ?^^JLlfJl <>IiJl jiLJl 11* yh ^ ^'^hj^ -^ ^^^' (> c>^' V UbJ^\ i^yJl jiUoil jl 

^» SjLjJI jl il ?,_^ i^Ij LJ-<JL) ^^Ul-I ,_^Li tj^ i-^y ty'j-^' «^*^ J-* ^'Sh^I-*^ >^ jj^ 



IV 



. iuJLA jiLs^ Jl bbL-l yyJl ^UJI ^ JjSfl S^ i.iJLUJl ^ !>y-;>l jlIUl 

^ iO-p- L^-L« ^_^ (>^j '(ijL^ Q-i «^j-iS-«cjj (^jljjLlI cjLjJj-* o-p-Lms* Jl5J 
i:»>: J( g^J IaJI jJ JjSf! Ol cJj^i ^ /^^o>^t>Ul L^liiai (^JJ coUUtSU 

^llS'j tlJ^SlI Vt^y '^J^ ^J-^ JLJfcJLL-Jl ^ JjJl^ 2:ij iJjLU ^;^ c^j-1r.J 

^j .^^1 lUJi ^ cULLLJl JLp JU^:^1 ^ ^^1 ^}.J^\ Oi^Jjll ^.JU^ Jl^ 

. ^Ji»-l3 fjA^2>- lUL-Lc JJ t,y— J^ <^j-^j tJLv^jJL L^ (3^>^i Oj^ cL4k^j^ o^ 
^ Ju^ JLajllJI gjj y^ <JL.IS^ LJl JiJ ^yJl iiJUUJi JU ^y l->Ii^ Jjt jl 

^*>LJJ ^^-Ip jliJi LJjjill ^ \x'j>^ Vc^^ ^y ik^ljj ^JLiJ jtJj 'c^yJ' "Wii Ji-ii JLi) 
J^l) ^.j^l Ui^rr' V^^^^^ <*^^^ Jl f^L:^^' (Adelard de Bath) ^L j:> jM^I 

APj^ ^y SjLp jAj tc^jiii j-s/aJLP t^I Jp i-jliSCil t5>:4 *^ .(aAVV _ A^Y') Oylil 
I^Ijlp%i*^I iSj^^ ^jj) A-4 ciijyll 4...i.».4-i c^ljSCllj j-^lj ^..ft-MJl cJS^ <Jj'-J^ 

e-^L-J-1 Jj-U ^ ciUI^j tjJLvall AjJlUfc A-i 4-*JL^JLJkl iiSL-jj! ^t jl . J-«jJl 

c->L::^l j-s<>Lp j_ya*-> ,__r^l tyjj'j^' ^' ^r?*^ • VJ:?^' f»lJL?*i-«»l iv^U-j a^ Oj,s<>^I 



David Pingree, «The Fragments of the Works of al-Fazari,» : j_Ji_Jl t ^^jl j_4_Jl J j-^ ( O 
/o«r«fl/ o/ATgar Eastern Studies, vol. 29, no. 2 (April 1970), pp. 103 - 123. 
David Pingree, «The Fragments of the Works of Ya'qiib Ibn : ^1 i J jU? ^ ^j^, (J_p"j 
Tariq,» Journal of Near Eastern Studies, vol. 27, no. 2 (April 1968), pp. 97 - 125. 
Heinrich Suter, Die Astronomischen Tafeln des Muhammed Ibn Musd iaj-tJ <_^"V ^J^ (o) 
al-Khwdrizmi in der Bearbeitung des Maslama Ibn Ahmed al-Madjriti und der latein, Ubersetzung 
des Athelhard von Bath auf grun der vorarbeiten von A. Bjombo und R. Besthora in 
Kopenhagen... hrsg und Kommentiert von H. Suter (Kobenhavn: A. F. Host and Son, 1914), 
Otto Neugebauer, The Astronomical Tables of al-Khwdrizmi . translated with : 4_^»-j__-ij ^— ^Tj— ^ 
commentary of the latin version (Copenhagen: [n. pb.], 1962). 
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*^Lf ji j>/:^l i^-y i(|»\ » • V . ^0 • /j^r^A . rrA) >i>?ii 

,(Auct, F L9 lJ^iy <f^ A^j^ iijjJuSj]) 

JUIpIj . j^yJl J^Vl JL5i ,^1 JL*i V^:^! C^y VI ^1 IJl> ^ J^ ^ 

jj t^yJi ^UJr cJU-^ ^-Uk Jj-^I jp *^jijl^ ^'-J^ ^^ ^y 4/*Jj'>^' 



H 



ijJU^I j^Uail a1jL>wLw-I j-P 0->wu t5^1j <-3J^ j>ilj tij'j^' oLiJj-- ^ ULjiJ 
Jt>^ ilJLii ^ c->^! dlUJl frUJLp Jl A^\j^ '^j^. L^^ t JjlJt:i-i ^tj JaSUjJl ^ 

jlJUiJI IJuh jt ^ . jJi JUS* «iiU3l -_U jjiaij ^tw* L- iJutj . ^j^^l kiS^^xJH\j 

UI>A yLp Jb-1 Jp iujU-l «S^,;..r7li i^CUJl ;pj^l» Jl l-Jiii ^y U^l Ji US' 
Cj\>tj\ Jjl) . ^ j^wftJLiaj oLajJ^ AP-ljJt] .u^ftT^ ^r^^ cJlS^ li^^J iaJU^I ouJIj I^^.«.so 
'j-^^' ij^yy* s-Uip JJ j^ itjLJJ >«-u-li)l jjiJi j!>U- o^^l Jl <pj.4j>»il aJu i^y 

jjiii ^_^ ^rfj^i Jl ojLoii ^y uu^s ^1 ajujS/i ^j.,.»iw.» oUij^ c^y JiSj 
5JLP <j"c-jirj /'^^o^jL^I jjui ^*lJi l,.,..>^ ^h...>.u i4>Ij .L^j i>uaj ^ui 

^\zS jA Ju^o^ Ji jlS'jB :yLp Jlill jjill ^y f%^\ r^\ c^jil JIS US' tol^y 



Neugebauer, Ibid., pp. 101 - 108. :JiL\ i\) 

Edward Stewart Kennedy and David A. King, «Indiaa Astronomy in Foiirteenth- : ^1 (V) 
Century Fez: The Versified Zj of al-Qusuntini,» Journal for the History of Arabic Science, vol. 6, 
nos. 1 - 2 (1982), pp. 3 - 45. 

\1^ ^ Ua*-i ^yj .IJm ;ji OoL'j ^j>^\ ^ if^ JJ ^y <^,ji\ ^-^1^1 oUJ>. C^^' (A) 

UjJ j^ i la ... i ^yj tj_^j^jJ»jl ^Li^ JL»-I ijo.*- ^ J^>*— I ^yj .<J^LJl j_^j~-<j.»jC oUJ^ 
4^:-^ Jii ^jVLi l-jIi^ Uf .^_^JUL^I v-jbS'j ^^^-i-^^jl l-^1::S' jJ^S1\ 11* L^l f^j'J i>-Vl »-»liS3l 

Paul Kunitzsch, Der Almagest: Die Syntaxis : ^JiJl ti-_;^^l Jl ^Ja.^,^^\ JJLS Jj^s- (^) 
Mathematica des Claudius Ptolemdus in Arabisch-Lateinischer Vberlieferung (Wiesbaden: Otto 
Harrassowitz, 1974). 



« 



«tJC>- ^ J***"! J^ ^y iji *«^^ r^^k ^—^^ 4>fc«Jj tAia>«j J>»--1 Jjp^^ 

t-^^l iJj4>JLl aJLj--JI i>«*^l ^ykj JjSfl •^— ^' •■J'-* (>• ».^^ C*pLi» JLSJ 

t> ,j.ai^Sll JP UjUT ^j^ A^y ^^l j^y j^ j-->^ i*iy^* i:i»-Jl ^j V^' 

0>>- a^\>— ! ^>^1 crJi <^\^\j .O^tll ^ ^L (fAYA - AYV) Jl^ ^UJ-I 
.iu^l Jl v^jJl j>- Ldij Ob,^...':!! OL-Uj .fA<\Y Jl^^ S^ ^^^ c^LJ Lf^^rl jj 
^!)LaJ1 jjI i>*5V JJ ^Vi .-hill L-^liSJ 2JbJL>- ijl:^ Jj KiSj^-^ '^-^y <»U^1 v^j 
Jl \:,\:s^\ yip «^UJI O^aJl Ja-^ljl J ^^\ cji-^J' .rr^ ^^^1 '^ ^ t»J^j>-i' 
4l;i;JXiJl j-j ^^-^1 tlUS JLi« U-ilj IjLIijI o»^1 oJuk c--iJ jl5j . c-jU - J^^^J i^^*— i 

. jL^^l c-JLpI ^_^ iJLstfVl v^j-31 <JL*4-1 i*i-j l4-i ,kiL-l Jjj tt^U^I ,j^l 

Ahmad Ibn Muhammad Ibn al-Salah, Zur Kritik der Koordinatenilberlieferung : ^^JoJ) ( V ) 
un Stemkatalog des Almagest, edition et traduction par Paul Kunitzsch, Abhandlimgen der 
Akadcmic der Wissenschaften in GSttingen, Philologisch - Historische Klasse; Folge 3, Nr. 94 
(Gottingen: Vandenhoeck und Ruprccht, 1975), 

Kunitzsch, Ibid., pp, 60 - 64. : >:l ( > ^ ) 

Claudius Ptolemaues, L'Almageste: edition du texte grec par J. L. Heiberg (Leipzig: Teubner, 1898- 
1903); traduction fran^aise par N. Halma (Paris: [s. n.], 1813 - 1816), reimprime (Paris: Hermann, 
1927); traduction anglaise: Ptolemy, Ptolemy's Almagest, translated and annotated by G.J. Toomer 
(New York: Springer - Verlag, 1984), et Edition et traduction allemande de deux versions arabes du 
catalogue d'etoiles: Claudius Ptolem&us, Der Stemkatalog des Almagest, Die Arabisch - 
mittelalterliche Tradition, I, Die Arabischen Obersetzungen, edition et traduction de Paul 
Kunitzsch (Wiesbaden: Otto Harrassowitz, 1986), 

. (Paul Kunitzsch) Jt^Jj^ ^ji Jt* 6* p ^liS/l Jl JjJ+l ^Jj j^ 



0\ 



J! fjprj^\ >--l.UrJ N j^^^k-^l c-^LS^J S^Sll <^^l «JLa S^ly 01 .^:...;,lfH g^l 
.j^A^Y iu-j ^AYV iL- ^^ ^Ul 0>)1 J!A^ ciiUil ^ ^ cjj^" 

^^ ^- ^ l^ .a-KJI SJL^^I Ai>^- dUU ^j .(o^Vl Jp Jj^l J3 ^) 

«^l^l j^^ ^ yllf j»-M-l c^ Phaseis ^^j-JLla^ ^liS* Sy ^^ c^li ^S JlaJ 
I^XiQ Jlj->- Jj^l) t^ijj»-«ll J-J ^j-* o^i ^j^' *^j^^ »1* t)^ ^rt^ .aJLIjJI 

j^i iujjb ^ ci^>>ji ^1 i^iisJi 11^ iu^i i^^i uuj ^ /^*Vi^Vi *-»iir 

• V^l dJLUJl 

dJUJ^j i.lj^\ JjljJLI ^j..Jlk c-^biS' tUL- LJj U^ 't/'J-J^y*' ^Jb;.i-«l ail 
^\:;^\ IJL4J ijl^T J^ ^;;>Jj /^"'V^liJl 0^1 c^Uiu ^) U^ ^ IkJi -Jbu ^ J*i 



Leiden, ms. Or. 180, fol. la. ;^\{\r) 

Al-Mas'udi, Kitab al-tanblh wa'I - ishrdf, 6didit M. J. de Gocje (Lugdimi - : j — !i — il (M) 
Batavorum: E. J. Brill, 1894), r6imprime (Beyrouth: Khayat, 1965); traduction fran^aise: Le 
Livre de Vavertissement et de la revision, traduit par Carra de Vaux (Paris: Imprimerie nationale, 
1896), pp. 15- 16. 

.d^i :uJlJLi^I (^e) 
XXMi Seld ijJi^ 'ii0^ i,:^jy^j\) ii^Vl 'H^ ^S:^ ^ (M) 



Ot 



^ cJLjJ UJ SI 4^^LJLJ ^^1 Ojill byJai' ^y S^jJ«J^ iiJUL li,p-j^ OlS* ^Ja-*»>JLI 

I ^3« hw.il ipb-^l ^J «-*ti^ : (f AW Jl^^ J>J^O t^JU^l J>**-l ^ Vj^ "-^y 

. ULa? i 0^ ejiJjL irfjjJl A^ji)l jl Vj . a:^ <»^^^ ^^ Vj^ olilj-ijL-l 

. (_^JL?- J^-i^ ^Jj-^J "jj-^ ^y^ ^j^i^ ^-*1^ Uc* ^y^' ^-^^l V^ ^J^ 
4JL>-^I jj^ipJbJ (^jJt4 oli Oykl^ jl JUpI ^ <ll*Vl jj^ <l»L--j Jl>-U *J^^ 

iiilSj cc-^l^^l Oir^ Ja5L-j cJilit c-^L-^ g5lili L>.UiaI ^ ^I toVVjLl-»Vl 

^UJl 0^1 J^ Jy^JI ^ L^yJI <iJU^I (iJ^ -'^IJ 

^JJl pUIxJI t^-ik^ JUpI jt-lSi «!)! t JIaJI IJL* j^^oI ajIju ^y^ ^^ c^^:.J 
jjp jLl:::! ibiJLpJ U^I Jl l^k^I ^y t«^ljll c-«-^ jljuil 11* ^y JjJL^ulIj Ijljb 
oVVjii-^!)U JJjlJI ,>-.>J1 i^lj 4<>*:L:J oiUl JJb>^l {»-5 i^j. JW> villi 
^iLUJl iU c jliJl jCT ti<-ljJL!l ftl^ (>>*1« V-^ t^ t ^yu-L^J *-i>M.j ^LJClHi 
.^^^tJU ^bJlj ^Ul ;>J>iJl (>5il* JL:^ a5^I ^y J^ (illl tjt4-^' 

^jjJOai dUi (lip jU::;! - \ 

^\^ ^^ ..^^\Z1\ 0>U J^l ..i^l S^ .^ SAP oJl ^ 

^^ tj_^L-Vl cjUjii 11* dj <» .A* j-lJ «illij tLf-^AJJbJ jl <.W .» <i|^^ ^ti.HiyU 

^ JLj-1 e^l Jjj .uwa-.<ii*dl dlUJl frULJ iJUoJl SylJlll ^jU- c^;^ Jlkl ^j\ 

6lSj . iiCUJl oLb:^! ^ ^1 11* ^y-^ S^ ^Vl «^li53l jUyJl ^ ^ ju^t 

4<_^Ji«Jl UluoJI jJ *-*liS' tj^juXll J*—.! j^ V>**i •-*--jd y} -^1 ',y^l y^ <-!>*- (>v) 

:>;l t^l JjU Jj^j v(\UV i^Llll jli :^^) jj-l jlJI aA» ^;p yijj jjii 
Franz Rosenthal, «A1-Kindi and Ptolemy,» in: Studi orientalistici in onore di G. Levi Delia Vida 
(Rome: [n. pb.], 1956), tome 2, pp. 436 - 456. 



or 



Ijh^l *Lwl SJbo c->U$Jl iJUfc Jii Jijj . {^%J^ jJl^ ^^liJl 0^1 ^y OUliL. 01:^^ 



(^A) 



<>^ ^Ul ►UJUJl jjy jV^.^-^ J-^ (^JlJI jUjill j2r^ JJUJl H\ ^y>:t N j>>*^j 
^^^ cJ-S* !>Lai uy!>C ^y Cfi^>*^' V <j^j^ • ^**a-^ ^ J'^ J^ *^ «^^^' i>J' 
jlj (ji^j j/lj il^ljU— Jl ^j^ ^jijr'J ^^j-^'j ^Ij-^jLaJIj aJxJJ^Ij aJLj-mJIj -UijjJl 

ULJl ^ JL>J L^ . Oiii^b Cj^j>' »^ ^^ <1>^ 6i^ c^ <^>^' J^j^ cy *^^ cH'J^' 

^j^l ^ bj^^\ ^,....Sil U-^jj t*I^^Vl Jai- Jl v-JL JJlII ^j^l villi ^^ 
^^J t^j^jVl :>ljuV Ll^j <J ,^ U5 .OJdlj jl»bil ejthitj 4w,...ll ^UVl ^ 
>ri>l o^-jU-l i]!AiSfl oLl^ i;JLl ^^Ij J^l ^> 4i>,.Jl iS^4>ai ^I^U 
:>UjMj o.liJl c-^lj^ utJiJki^Nl oj^L^ iS'> LL^j aJ jlhJ UT .y^lJdl ii^Ailj 
<^J^J ^^J>J»J ^r*J^I oV^Sflj oUjjJLlj t^jVl Jl L^UL^j ^IjXil 



^j^ 2:J-r?J' ^-iJLii J*.. j^:j>wa; ^> dJUi Jj^ Jiij . Oj-lil siJLii .^UIp L^ Ju^op- ^^I 
^IoipVI 5j:>L. ^ITy- OUri ^Ij ,^r-»-^l ^>jl jt JlS'UJI J^ ^23; 33 J1 23; 51 



Y » • i^yt i^JUl ^yJl 11* ^U (\A) 
Golius 4^yJl ^1 yiJ *fjs*Jl pip ^t^j LjU-Jl oir/.l ^ yb^ t^U^Jl :>:i (>^) 
Al-Fargham: >4/ Farghani Differentie scientie : ^^r^^' u^ • ^' i([>'11^ i.O •■> ^ fb^'— -*!]) 
astronan, edited by Francis J. Carmody (Berkeley, Calif.: [n. pb.], 1943), et celle de Gerard de 
Cremone: Alfragano (al-Farganl) H 'Libra dell'aggregazione dell stille', publicato con 
introduzione e note da Romeo Campani, Collezione di Opuscoli Danteschi inediti o ran; 87 - 90 
(Citta di Castello: S. Lapi, 1910). 



01 



JJ ojU c W.....* JiC-iu <;>»5lij c-jci^j JLULUI jJU ^j-.^I «JL* c*pLtt jlI! 

. *UiJI j--^l ^ylJLi)! <j\:S ^J Ja*->Jll v^ *J^>* J^^' t^*J^^ ^ ui^ 

ilJLi-j ^ i^JCiiJl iLs^jVJ 2^^jJ Jjl ^ j ^^ J^^J • *^ "^^JJ tr^' ?^*^' 

^Lj j^oA I JJL>iij ilJJu j_^ 41-H.I....11 ^L^jMl C^Ula«.4 ^j Al^ < ! »> « ■ ...I JJ C-jj^i 

jj-J ilJlAj pUp tj^jil 4>« *^^^\ «>^l «iJUi^ Vr-*i ^c^*^^ OiM' '"^ J^ ^J 
jjia--- ^ j^L^ JlS" yr^.-K ./a' Jl j_^l tu......>«i «LfA-^lj.> JJ ipLJl c->jLip S^LpU Jl 

. ol^>1 ciJbii iaSUj e-^L^ S^Ulj \4^^l ^1 l^-^ J*^! J> ^ >J1 oiU)[ 

^\iS'j i^>^iJl ^j3l :^liJI 0^1 ^ ^Ijiil J4JI IJL* Jp sjlaU ai-t :u*!:A.* ii^Ll 



Thabit Ibn Qiirra, (Euvres d'astronomie, texte etabli et traduit par Regis : j U__;1 (t • ) 

Morelon (Paris: Les Belles lettres, 1987), traites 1 et 2, 



00 



^I jji 5jL-«Jl oJU :^y L-JU^ ^;^j . ^2^ JL?- Jbol J! L.JU jJj.>..A^ ^U»jt Jl 

:iU^jI Jl oJ::U1 i^^lUJl JjlJLi-l ^ i^jj^l iiJUL Jj^l iPj.*^) L^- JL^ cJbJL^ 

L^V ^ ^*b JjIjULI 0JL4J d\Sj . J^UJI J.^1 IJu J,...-T, ((.AfY /j^YW o) 
^^^-^ t..! ...->- ^j^ftlUt JL^ Jl:^ iJL>«^l iiJjJl 2L4JL1JI iLv»jVt ^Y« iLJLx Jjl «^j^ 
j^Ul o^!>Ul <J,>^^1UJI ^Ij JSLiu L^ ,1^ ■:,:.. >l jlSj . ^t.„:,1^II ^^SOUJI ^^Jl 

SjiL-* i^^r>^ ^^y ^^a-^tJl dJLJLi r-jl jl J-«> JJlJ Ljil ij : ^^.. ft ^*Ji <^j^ ^J^ 
^ ^Ji\ IJla jl j^sju jLS" i^JlJl ^j-wJiij oJL^l U <j-X*j tAijliJi ^y:*:^ ^^IjlipVI 

. ioliJl (»j>«ill <^>»-j (j-*>.*.il ^5"^^ ^^ a5%J1 J* jU^I 

;«j_^lil iUjI v-^ j^**^' ^J" '^l^*^* C>*^-^^ <>4 (^YV) Escurial y^l ^1 (T>) 

:^y ,_^l IJLA JJ^ ^1 . *-^liil (jjiil ^ s^Idl j-^bJl j^ 1^ t^^ A:i<]j 
Juan Vernet, «Las Tabulae ProbataB,» in: Homenaje a Millas - Vallicrosa, 2 vols. (Barcelona: 
Consejo Superior de Investigaciones Cientificas, 1954 - 1956), vol. 2, pp. 501 - 522, and Edward S. 
Kennedy, «A Survey of Islamic Astronomical Tables,» Transactions of the American Philosophical 
Society (N.S.), vol. 46 (1956), pp. 145 - 147. 

'Ali Ibn Sulayman al-Hashiml, The Book of the Reasons : ^J Jj.A>- J5C^ Jp i*^ ^yt (YY) 
behind Astronomical Tables = Kitab fi 'Hal al-zijat, reproduction of the unique arabic text 
contained in the Bodleian ms. arch. Seld A. 11, with a translation by Fuad I. Haddad and E. S. 
Kennedy and a commentary by David Pingree and E. S. Kennedy, Studies in Islamic Philosophy 
and Science (Delmar, N. Y.: Scholar's Facsimiles and Reprints, 1981), pp. 225 - 226. 
Thabit Ibn Qurra, CEuvres d'astronomie, traite 2, p. 22, Hgnes 4-5, and : ^ ^i (XT) 

. oV _ • ^ f-rj^^ &^ C^^J^J 4jjU-J1 olX^I ^J t-^b^ t jU-^l 



on 



(YO 



^^ jJjJl t^JiiJl JJU^! ^j cSy ^ c^U Jl c^l:;53l iJuh oli»>^l l..^>U 

dj^ t5JJi J-*^i jjji j^l 4^ rf^j^' J^ v^ ^ ^^-> ccjiJ^ii iJi^ jjL- ^1 <jw 




(\.Y)^J^J^I 






cr*^ 






Thabit Ibn Qurra, Ibid., pp. 26 - 27, : ^ jjJLi* cij^l li^ i^j^'^ u^' (Y O 



dV 



.Uul E ;kUl J V^)\ (III) oyljJl 

4jj1»w< aS'jj^ t(I) J^"^! rj^' U^ J^ ^^ OJ-^ 5JL>-lj K^ ^y ^j.M,ftM.H j»iJ 
i:L-J|)» 4.4>.j.fl.l iujL-Mtj 4c3!AlaJNl iLjU cJLS" U.^ iijU SjjjJl oJL* SJLi jj .ijjjii 

j^ ^IjiijI Sj-iLi ^LjaU 4JL1U ^ 1^1 ^ i.'LjK^TjA oLtS" UjLipI ,jX*j ^I 6JL>-jJI 

. (Ill) S^ljJl Jlj (II) S^ljJl Jl UJl (I) S^^ljJl ^j^ j*-^lj J5L1. ^Jbt ol JU»1^I 

J-,A>»j ttJ^ cf*tij^' JIJIIpMI ikij t A.laS;H j_^-ij ^ ^j«.a.Mji (jjJl^^ CjiJJj^ ijii J"^**" 
^1 j^^l 5^ L^j (III) o^lJlil Jp ^^„.o.rH ^^ E IkiiW ^ UJIj lit L.1 

jt-OJl c-.>.w>Sf 1^..A^> Jl V^^ -^^* C«l)j (ii)j (I) ^"^^l yb-J^' ^^ >^J 
LiUiJ . clJUJi^ C1..J *iljJl ^ ^_^j . Uli ^l^Ljl. ILL- oydl v-^l 4\..1\ 0!Ai3l 
t^I tSO-:^^) iiUaiJ olill JLjjLii iJ-S* ^ ^IjOJI ciiUJi ^Ulp Jl v-^L ;jLll CJ15' 

iu^i ^ i^yLi j^j ^ Li^UoJi ^Sj 4(1) .dJLUJi jp «:Li::)bi-Vl ii-Jis UJ 

.aii)jai)ui<i^i(>c.r--^ 

L^ JlJ- Jjj . ^..^.t.ll aSj^ i-.ljjJ i-/LHAit ^ti ^Vl ^^ ^iJliJl iJUll (1)1 

:L-JI» ^yi JJJLj J^l «; ■ a->Ji ;:^ ll» dI '-o'^j^^ ^*^ ^^ '''^-^' t^j,^J-W. 

Jl l^L liAi (I) viJUUJI Ja>^ dUij c v^>^'^< <^l <^ (^ *ajJj1\ ;:-JI» w 
L*j^ cr^' ^n^l^Vl SjiL. ;^^^ U^l V-^L ilj>cj pH) vUUUJI J«rj c(II) diUll 

.Jb-ljJl J^l ^^ SJb-lj A>.jJb ^_^j-JUaj 
•»< ^J^l ^,.,<...:JI dUi ia5L-j c-iLJ- JbJl J5L;tJl Jp ^jyo-lk JlJJLw 

o^MjJIj . ^jjJ\ villi ^yb ^l ABCD S^ljJl ^^ E ^OaJiJl ^ JL^I^I JL^^, 
l> Cj A . ^.../Jl aJLp il^^>^- i^Ul j^J,\ ^jULl cULUJI yfc G }SJ,\ olS MNOP 
MQGP oU.S.t...ll OLkiLl L.! .^fl...^ll c-/!Ai;Vl ila^ ^^ Bj i^IjljlpVI likiJ 
2v;U-l ciUUJI ^ EGH ^„.St..,U LlIj iAECj DEB J L^ oljlji- U^ NGXOj 
Cj B t A JaiJi ^y ^^..o.t.il jj^ oUy^ ^LJ d\ . <>-j\ ^ Jl}\K Uai; ^ ^^1 
^lyl rt-^ ^Jp Jj-sA:i-lj tjj-M«JtJLl ^_^k--»^l iS'^^l Jp .>••:■«.■• .1(1;. ■■> t--*L*»^ JLaj »ro ■> 



oA 



j^ v^--^ r " ■■■<^ ^ '-^-J '^^ '^^ '^^ '^^ '^^ '^^ -j^-^' C-*^' ^^> i^\ 

\py>r 60 Jl ^Jil ^jUtl ciUUJl ^U-i j»_«J Jbo i^^^-^Jlkj Ju>-j llio^j .iaSU^Jl 
jj^ 5;30** JOu Jp ^ ^ji\ Olj U^ 2;30 j^jLj EG '^)\ ^jj^ l^ jl tLjU-JU 
5^1 ^I) ft^jjlJdl i^l» J^ jl dUjl^ JL^rjj . ^jjJ\ villi Jp Ll^ ^_,A-Ju ^\jj^\ 
. L.^^ 365; 14,48 J jL^j OuL* (^j^i uiUi Jp ikUl ^ Jl ,^,-.*JLJI ^^ <aj^\ 




'lT^-hI '^ ^^ ^o*j ^Jau-^l Jbo ^Llm- V» • Jl>^ til t ^AfY iL--j ^Af* iL*- 
JLl. 15;15° jlJia^ ii^^l IJU jlj i^ljji-1 c^ 20;45° Jbo Jp ^^ ^r-*-^' ^j' <^' 

L^ LS-jJL. c-JK]I jir ^1 :»U,jVl .Oai-I U^^^l L. ISj t jl-Vi v-JLj ^ 13;10** ji. 

JL, (\ _ T) jjj jilJi ^ an)j (I) 0-V'^' c>j ^J^ J! -^ c5^1 1. iJL*j .L.U 
;iJl jLs liSUj .^Ijup^/l Sj^L- i^> ^U- >Jil ^jULl cUULiJl 2^1 jl 2:^^=^^' 

^1 Ajjijdl Al^l <«JI l^ grr.?...^ jl t-^J (^^^ ^^^j^ ^1 C ...j! A2AJ>«Jl A\„.\\ aJla 
. iw-Jl t^JL* Jp (^J^/' cJjJl JbJbmlj f^:*-^ C^'^' ^V*"«^' (J^l ^-A' c*^ 

J> ^Li ^^, V cjy^l viJLU Jl v-^Lj iJ^H>wj j^^l ^j\^\ aUJi jl Lwj 



o\ 



. iLiL* i*J ui::^>l ^-U ^ JSG .^IJi:u^Vl Sj^L. ^S"^ c-.-^ SUi ii^p^. ^Sll 
. ^jjj\ diii Jl <^yi i^^i v-^ ^^j' 'M W^ t^' '^-^ 

a;LL-;>-j ^jjJLla^ ^U Al»li J^-li j^k*Jj| 41^ ^ c->l2^ cjilj-« ^j.aijj lA^j 
9;lI1I«mjj I ^J^JJ[ ^L^jLj «.3L,^jL ^j^j..».llaj ^U^jl OjijtJ <>1 ' tt^Ui^jl A<dj^ biLljj 

ciJLlI ^UJl .^S Jlji V ^^^j..lk. (1)1 iAJbUlJl ^ ^^1 Jp ceiljil IJLA ^^^^ 

A-^li-l oUtfjlj ^j^y\ iSL^jl J^ 1.l;t • 'ft'j^^ J^ l-i^l ^*:» '.rtf 1^^^ cjIi^I 

t(Y - Y) jjj JjUI JSLiJi Jp ^„....Mt ^lUi Ja5U^ <iL^ ^y ju:uj jj^j . iaij 
li-J Cj A OI1I14JI -Jl v-^Li r^UjVl aUI ^ -CL^j t^^jljLLj J^ y^ j^jJl 

j^j^ lAJjjL dUS j^y^ .i-^!^Vi j^ (5Jb-i <■: .1 B ;iaiJij tj^^JioipVi j^/ka; 

^LJ t^..>.>*Jl ci!)bi-l L^ iJ^ ^1 4:1:^1 oL-LiJi ^ Ji-i1 <;yi *^_^^j.JL^ 
/"^■^MkLlj JJ^I J J>Jl ;Jli ^ 4jl ^ J. 4dUi t^y U-Jj 4^yL^l cjiai 

Jp ^>>-rll 0^" Ujup iJbr *-*-*-^ tr--i^ 4iJ*jJ' Jc^' -rt^" <^l *£*^-^' ^ 

jjjj> ikJ- J_»JL*£ e^JwaJl ^ d\S iiUU ti-»t>U:Vl <_,lki: fjX>-\ ^ jj jil clLij 

3U»jVl o-ljl Jl c-^li5CJl cjtJ>. JU^ IJiSofcj . i»^--^ J5lJLj iikiJl •!* ^ ^^^-.-JtJl 
^j ^jJl ^^ .-a-^r.. ^. ^j^l dULi jp ^^^-.-iJtJl jj^ ^Ui c45'' jlJUl^ o*!AtJl 
Jbo u->L*sl-l ^ ^^ifi.ni^ll iijJU A^ j^ .JL^Ml ^jt >,i a . /i:; 4 j^j j>^l ^^ i .' a , /!: , : <.• 
«JLiiJl Jp J,a^ 4^^^^UjLjl ^ Vj^ cr-'>*^' ^-^e- fJ^^^^I <^^ J^ t«l4iiiJL^» 

:^^^>;iJli)l 



.(AT'» i*-) l^j jJ JbO;*- j^ C.....4. ui-y u=i '^^^ 2?^* ^^^^ 



%• 



.(22;53°) i^\jj^\ ^ji jA i20;54'' Jbu Jp :^^..^I ^j] ^^ 

.(0;0,50,1) i-Jl ^ 0; 0,49,49,39*' : jJIoipNI SjaL. ol* 

.(365;15,22,53.59) L-j. 365; 15,23,34,33 : v^* ^^^ 

. (365;14,32,9,20) Uj. 365;14,33,12 I-uJJiil iUl 

.2;6,40 :^^^«.^l JAUII /^ 2y> 

ci^l JL. c-^li5Jl IJLa j>t JL5J .^^.JLU ^j1 ^ Ut^AiaJl i.^j^\ .iJUUJI ^ JjVl 
.7-UJ-i JJ j2r^ ^J»-^* <^y <>• *^?^ *>^ ^ t^' ot^LJLJ A-^LJI O^yiiJ JjS/l 

j^la] AJj . <vai «^Jij (Jp -Ij j> L» J^ jjp t A-^lj J^-^ t iJ**-^^ V^ ■ y % .*.?...«j j>j 
yk ^Ul ^^L-Vl ^_;^l IJU JjVl JJUl ^ c-^^1 dUUJl ►UJLp ^yuu ^ji cjLS' 
. J4jj| IJU Jl bbL-l ^.>^lC Ojfpl ^1 a^JLjJI olJbJbjdl j^ bJLP (l^ujj u^Ja.^\ 

oj^L* *^>>y <IJ^ ^2r^j ^ j ....*.. tJ l r-jl i]^^ jji JJft^ 01 JL*^j . L4->«5Luj ^_^j^ » 1 lra.» 
^ n^ d\j2}\ Jl ,j-^4-Ul l^y^ p"^l cJjJl JbJi>Ui <1 2r*— ^ "^-^ -"^^ 4jjJIjl::pVI 

diS-^j i^[i^\ ^,...,/t.-J V-. J^.ju; d^ ,^^>u-jai ^ iiiJljJl iJUl ^ U-Uil ^1^1 

iUjI cil^ ^j c;i>Jl o-^Vjll-Ij ai-1. Jp i^LL)/! ^ ij^^^k^l :bl::^ SiUJ JJ 
SJbJiJt-l iUdjj/i ?*jIi^ W^j^ lt^j^I ■^'-^j^ ^-aJjI^I Jai::^! Jjj . ^j;<iiWt <^LL-.>-j 
^j^^^\ ^ lit^UiJl t-»L-.:>iJLJ S-bJL>- \lj9 j^\j I J-lj.i jl ^lJLL| ^ ojj>*;l ^_^l 

*--»LJl OjiJl J> Jj j/l <^a-/L. H j^ ^IJUo ^ JLjLiJI a^jj» ^j JLi ^?:?t^l J-*-iJl 



Thabit Ibn Qurra, Ibid., pp. bt - bdii. : ^^ JVJtL-Vl 11* J«^ >;i (T \) 



cij^l i-Jl ^^ y!>U> i.Ul <^ Ailj C^J^I «1U3 Jl V-^L i]^p^ ^j.,..^ll dUi jyl 

t Jlij^l ^xVl .^lUJl ^> jlkJl c^ ^j) ^bjljdl iuJlj ^IoipVI SjiU oL*j 
t^_^-.JLkj 4JL0 U ^j-^Uj i.s^\^\ <J^y jl tkiUS Jbu .(jjiJI ^y 4JLi^ 19 iJL; 
oliJl ^^1 S/ O^i tliSUj .>.T <^^ t^I villi gyt :i^^ jl> Jp ii^mi fj>^l 

^ J yjA^}^ V J ^^..^..t.ii jbu 1 viUJbj . ^jjU-Ji cjI^i j^ ;5'^ 4 U^y>^ ' <■>; ; 

. Jj-,fliil jjIjjj (.^jj/' (j^jJ' JJ^ ik— 1^ ui?*^ J^^ ^ U-*-*^j l^' ciultll ^^>>«i3l 
^^J^ 'JLuj^i j:^\ 1 45° jlJJLw :u*!AiJl ^..<..t.li iU»jI oUUl o^ljl 0^ 'l^b 

U 01^ JOl . j^lll .iJLii ^Up Jb-! 01^ c5«J^« crt^ *W- o^ Jt^' "^l •-*> "^ 

. -Jlij cJj ci^ *yj 4 c-Jl viJLl; ^ -Jl c-«J Ji IL-^ (1)1 SI t *Ao^ /jfcY i 4i- ^ 

^^ ;i>^ jl ^IjJl ^>* .^^ ^ v^'j J>r^I cr* ^l^J^l Ui^^'iJLiit u!r^^^ 
ajU5^I aJ Uj "--j^ If^ (1)» jJ^ ' J^/-^"<1 *^j^ L«l . i53»-M xl JJ ^ '^j^ ^ 



Otto Neugebaucr, «Thabit ben Qurra 4(0n the Solar : ^^ lilkiJI •!» Jj*- jJUiil ^1 (T • ) 

yiearA> and <(0n the Motion of the Eighth Sphere».» Proceedings of the American Philosophical 

Society, vol. 106, no. 3 (June 1962), pp. 274 - 275. 

Y. Tzvi Langermann, «The Book of Bodies and Distances oh Habash al-Hasib,» : ^1 (V \ ) 

Centaurus, vol. 28 (1985), pp. 108 -128. 

Marie - Theresc Debamot, «Thc :^l . J-.aiJli ;i»jlaiJtl oJL* ^j:^ ^jLi cJLU Jiil (rY) 

Z3j of Habash al-Hasib: A Survey of MS Istanbul Yeni Cami 784/2,» in: David A. King and 

George Saliba, eds., From Deferent to Equant: A Volume of Studies in the History of Science in 

the Ancient and Medieval Near East in Honor of E. S. Kennedy, Annals of the New York 

Academy of Sciences; v. 500 (New York: New York Academy of Sciences, 1987), pp. 35 - 69. 



nt 



Jjl gJliiJj i^li-l <:L-ljjJ Lj ^^-JcU !AjU *3 jo-i 015 U J5 U.L^ ^.W.nUI 
J5Liu u-;li$Ol IJl* i^lji v^ liiofcj . jJL.ij ilJL« ^^ s^fJil 4i^l ASyj^\ JUpVi 

jL-jI jliL. J^AJiJIj f^UjJl e^^^^j v^' J^^U t^k-^U oVNjllm.1 ivloJL^i 

IJla Ji" ijy-^j 'jd:SS\ <Sla}\ oLLJ-l ^ J.j..-Ut.I 1 <JLil5 Lij-^ r-r^ 'cr**'>*^' 

. c-.l::Sai J Sijl^l c^l dlliJi jOp 



«^l^l ^L^ ^ij - ■ ^1 ■ • • t tij->*4Jlj jL'j-ilj t^j-^lj ^_^jUJl p-jjUiJl 
Jl iiU^^L; . LfJ^ Jil>Lil JjIj^ ilJL^l A^ uy«-* jdj^ Uli^l jhJ^^ c^ Uiljil 
^1 ;.^1 c-Jl Jl bUi-.! fj>iJl olS*^ JjlOrr ;.U5 Jl .-^U-1 J^ J^ t^S 
1 i-jj^l liJJiJl ^UIp ^^j . <»■».:■< ^y 2La-^^I iL^I If 1 il c5^^ JuUju L^^L^ ^UI 

AS *^-SjJ <.<j>»^'.* <^.^ cctDJJ IaJ JjLfuj (<^U-| AjLLi*^ ^ c<w^lj5Gl <^a.b.ig. 

j^l ^j .ij^JL^ll olij^ c5^l ^^1 Jl v^ 3^ o! Oji k3jIJi>- ^ JjJL^ 
ilL^ gJU: ^ .^1 J'iU V^j iJ^l -^'j-* (> 0^ i-^U-l JlJ- ti>J OeJbt 
oJLpt Ji »-iL-J>l ci> ^yuu ^j t^CjJl cUULDl jJLp ^ ^1 J^U iujj <JK*1 
JLfl- fljuipl t^JJl JJ-l ^yvl (Ijt ^y^j . ti'J^' »^JLLiJl pip ^J o^y^\ i-i* J^' t>- 
. 4jjU-«JI l^\ Jp V*^j^' j-^luJl t-AJT-wl Liw AJ u^Lm» jJU- ^JL**. 4 iww»U-l 

;r^i ,dj^\ 'jSj^ J ^cbUJi ^jSii j-^j ^ c^ij ^^....jJi ^ J53 ai 

^yiJCJi^ ^jno mil ^j^ j'-J^j '^W^^ 55ji-l ftljt*^ ^j-^Ull ftLst^fl ^ V'^^ «-u<»U- 
r-j^l tiJULi ^_^lf>- 4J^ ^j-i Sj-Ip fcij^ jJili j^l iS'^ Ul t«JL>-lj i>-jA jp ^Lli 
JS" j_,..4JtJL ^^1 « J>*L» li^j . (oU-ji ^jJt- tijL-j j,*ilj j^^Vl jj^jjJl (^j*) 

^y yj^\ -ui 0^ (t « Y) jjj jClJl . JbJb- i^^ j^ ilJU iHJJu O^j 4^^.,».t..il 

;1ia; L* ^_^j) JlJipl U^ c-.yt ^ Ej -U^^l jliC^ Jil ^ HDA Ul O aVia-.Jl 



\r 







(r _ t) j»jj js;;jj» 



Lxjb SU /LLL. OU^i OliUl jUJjil if^jj\j^\j 6j^ Cfi V>^ err*' -^ 
^_^1 Jp ^I tj^i ^jji-j ,_;-.-iJl i-'j> ^>jj Jvai: ^/3l V^jJl S>u3l Jp. 
^ ISI o«il f^l j^ Vj^ Jj^. J:^l Ol Olo^ii L^j /^^^J^UI J5L!Jl ^ AM 

.j^l J^Ij ^.>».mJI i^jj^ 

Oliil ^_^l AjJj iJLfli 3L-ljjJ ^j^Jieu ft^l ^JJI JUUlll v-^U-l JL^ *^ JliJ 

^S-j J; 4^1 J!A* 4ijj iJLli lULl iJbl ^j^Jk ^yc:. ^ /^^^jiSfl Jp v-^lj^lj 



Edward Stewart Kennedy: «The Lunar Visibility Theory of Ya*qub Ibn Tariq,» : ^1 (TT) 
Journal of Near Eastern Studies, vol. 27 (1968), pp. 126 • 132, and Mardiros Janjanian, «The 
Crescent Visibility Table in al-Kliwarizmi*s Zij,» Centaurus, vol. 11, no. 2 (1965), pp. 73 - 78. 
Edward Stewart Kennedy [ct al.], Studies in the Islamic Exact : ^_^ (jJLSLi j-jJL> ^JLJ jl^I jl»j 
Sciences (Beirut: American University of Beirut, *'1983), pp. 151 - 163. 



M 



11* UJLi-L (1)1 ^^ j:S\ L^\ ^j.,.*Uiij jJb- jljj . J^LJI JiCJLJl ^y OH ^j^\ 
iJUfc L-^^U-l ,jl-j»- (j-t-^' J^j . *<jjjJl <_/*>** (51 «arciis visionis» t-L:;^!^! jiU^I 

^jJl ^y ^ ^ .^» -*J l VJj^ ^ t5j-^' JtA^Jl ojj j^^SCr ^^ t oL»-j^ jJLaJ 4 JiS/1 

iijUl iL:>-ij^l 3J^^ iS-^^ 0^i>-^! ujjiJ^ll jj-« jr^' •^^J ^c>tij3l jjt jJy -Xju 

Jl j!>^l Jbjj U.U a^La 



oWju^I ,_;^*j jj^j '^^ <«1 M 'S^Li ftjx^ ^jjJLJl 4j |»li U JOul Jl «w%*i aJU^ 

fjl«Jl JS" ^ t/z^ oU]>. ciloii ^ ^y^^ ^jj Jjy ^y^ ^j tc-i^ ^ -^ri^' 
^y tils' Cj^'iu r^ ^\ i^lj 4 Ks^^'^ o^^^ (i^ 'j>f^ <^^J • ^r^^ i^ '^jy^ 

^JUl ^.■».M1 41m< ^ tolls' oUijil dJlA ^ . 4.«^lj Jaii 4w^ l^lfl Jij 4 <^Jii3l JLp 

«iJULiJl JLp ^ 4JL^ ^*yu c)l t>^-*^ IJijhj , UjL-i aJJ L-^jjJ (^JJlj ilk?- aJj c-«-J 



Thabit Ibn Qiura, CEuvres d'astronomie, pp. xxvi - xxx. : ^J J-iA«ll jj^j*^' ^i (f i) 

yk ^ L. J^ .<.w^ jJUall :^1 .c-^^j ^j^j ^^' *iJUli A-Xiiit <JUpt cJii*- (fo) 



n^ 



j^jJl Ol^ j\^\ dj^ o\^\j c^^l jyli- cliij J^ c^^ ISj^ ljJkCl\ i^ljjJl 

. J^l ijj ilU J^ dJliilj 4 ^AbiJil ^1 ol^^ JbJL>d 

^^'y>l 2jt^ villi Jp .-i-^ 4r> :l>J1 i-ljjdl « I 

^ ^ ^Ji\ ^jULl L^^Ui Jp ^_^..4-iJ) ;^^p- j_^jj^ UoiP t^ ^ .aiiaj jj^ 

t AjjI-^ ^ jJL; ^J^\ i^^lj ik-.jill aS"^! ^ ci!>b^l j^ jU : ^jybllaJl V^j>- 
dj^ Ujulp ciijLiJ t<iu-^l l^UL-^ ^y <^l^^l jjj^ <j ujyc; (^JLJl ci*:Aij>-Vl (^I 



^^jju*^\ 






iu^li 4Sj>^^ cD 3^>l t^i ABC }SJ,\ ^j\^\ aUJl Jp ^.j^. y^jdl dULiJ IjS^ jl 
.A'B'C ^jjJ\ dUi Jp ^j^l Jbry vl^ E ^kUl ^ :i^>l oJL> v«Jl>; .4j^^iw 
•-^1^' (J-^ ijijL*L« L-ljil 5^ ^ c-^LJ Jl?-L . ij^L-^ ^;-jP j^ Ljfc AjybUaJl iS'jJ-1 
iS"^! oS/ V^_>il S^l ^_^ L^ Jb-lj JS" jU:*-! ^ u-^^1 j^^^ ^j^J"^ r->^' 
^j <>■,;»:. t^JJl HI 4<k-.j ^ A ^j^l 4>*-.iLJ ^s^\ GF ^^ ^l>iVi •!* .k^yj^ 

jJiJl) C i^j;- ^^ ^ t5-J^^ LMj A i4->- Jjt ^ c^jDI BK t<ia--j ^^ C ^j.^^.A'^l 

j\ c c^jS ^S"^ cuts' IS1» : jJi JSll. 2=^i^. <J^ ^ tCF < B'K' < L'M' < H^r 
4^j^l dUi Jp aJ t^y- ^1 44::^^ Ua.t j^i 4;Sjil ^jU- ^iU Jp <ij1^ cL. .iUi 
c-jyVl JL*JI JLp d\S Bl LfP^j tjSj.! ^jli-l 45Cii ^y JbuVl oJliu Ji:^ jlS lil jjSC; 

.«a:l. 



^ L^ J)^- ^1 ^l_^l v--*v ^J^> ^ii^ c> W^^J <^>' ^^i» :«-Jji» «J'>^ (Y"^) 

Ptolemaues, L'Almageste, traduction fran^aisc par N. Halma, tome 1, p. 174 et :Jal\ (fV) 
figure (2 - a) de rintroduction. 
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^' F' 




a _ Y) pjj j^iii\ 



^^ 4C ^,n>.i>Uj A ^jSllj E j^JLl olS ABC ^>1 ^jLiLl dLliJI v^' ^^'^^ 

. ((0 . r) j^-j JSCUI >1) ^LyhOiil 

jjt tiJLJl r H' ^^>5ll jL^ tBIj HB jj-^ jj^ ^^JLJl 4IH ik^^l :L5'^I ^jj 
i^^l j^ t^jUdl j^ v'-r** -^^^ <^'-J iWV J H' B' Ajybl^l ^5^1 ^y f^j-<kjf 
J>JL4 L. IJLaj t . . . cB ilalJl ^^ ^5*^1 C^y IJI t4jyhLiiJl - ^i"^! ^^j Ala^jA] 

ilA^I jLipVI uyu IJL>-1 tJjDS J^ 7r?'.T...;j .«F ikSJl ^J^ iS'ytl t-J^ LtJlXP LmOjI 

SljL^ Jl »— i^l cJLS' tP jl B cjukiJl (5JL>-1 j^ iS'jJ-l Ouji UJLS'j» : iijLJl 

. ^jL^j^\ '^JA JkuC, jl^^- OliU! 



nv 




(0 _ t) pij J^l 

ik^^l A^j^\j i|yblJi3l 4SJ^\ JJU^e <J j^^*^^ ^^ULI ^id^l OU^I IJLa Oj 

BF yb jUJlj 4E iiJi jA eJl^ L.JULP 4ibjiJ.l ;k^yll aSj>J} ^Idl j^ tAC 
;L^>:511 ;-^jll^1 ax^\ d\i liXAj .2^^^l ciiii <> ^iy^UiJI Ii^^ >LiJl j^ 

JJL>»iU iJLlj tSji j^ c-jU Jl 4,. ;IL 4(_^j>Sll ^ ^«-r^ 'V^^ ^-r^ Jc^^^^ 

til ^y il^ *^^ (S^}i ^ '-^J • «^^^^l jj^ ^j*y. c5^' lP^>^' ik*-ljj iSj^^ 

<^^>aa::;m ^i cj\i^ Sij^ ^^\ cj[yi jL:^\ - ^ 

flJUb l)V tj^l oli^^ ^U>jt Jp tj^l olS'^ <L-lj^ Ji" »L jIjI JLij .^Ja-.jjJLl 
ci^Aip-l lk>. x^ ot «!)ji j-^b ^j..>>M.U 4;....; II ajI^I -J^J^ j-* j>^ oli^^-Xll 

d^ .A*->o tCjji l^ilji^t ^ Oj^-iCJI JjJbt ^1 ijL.j3l J-^l^l jU^l c-^ ciUJU 



^^1 Cj\j^^ A^-LJC ^y r;*"^^' *i '^ cr'Jt*^ J^^ 4^"^ *^J^' r'^l tJ*' • "-^i^' <^'>^ (^^) 
Thabit Ibn Qurra, CEuvres d'astronomie, : ^^JiJl . t^^,4-^' <Sj^* j\ i Cqj t .,1I ^«jkj ojjoJl 
pp. Ixxx - xcii, 84-92 et 222 - 229. 



lA 



^^jj^^Uoj Jp- cjiJ" oifj t)^ Jt* .j-oJiJU i«Jb>«il ol^^l A^ji JbJL^ U:Xw toLc*-^! 

iBCj AP j-ULJl c5j>^ JbJbr 4>* jL^Lj tj^Vl Jjl ^^ ^j^,-.*-L3Li ^ <jj 

jyUl-l cilUll 3^^ E ;kiJl O^-j t^j^l *iiii j^^ O ilkiJl J X^\J\ l^y^ 
o^j 't, JjVl :Ljj.>JI s^I ^ M2 iUiJl Jl M, :a*iJl ^ ^^^-.•JJl ^^^--j . j^JlI 
ii^yi-l Uy 0^. viill! . Jj^ :ujU. ti v^* V*J 2^ c?* ^2 *^^^ dl Ni ii»iJi 
Uy ui-^> oi-J^ J^^^ .uHjL-^ j^J'^ SJ^^ ^^J^' 4> N1N2J M1M2 :aa-»>ll 

^j^LlI i^lisai p-liJ Uij ij^Jil ^jULl .ULUll Jp Mxj M, ^j^ jLcj- joJ-Nl 




AjjJhUsJl i^^lj ^_,k-^^l ^Sj^\ jI^ Jjj^^ '^e^ ^^ZJ ''1 'Q2J Qi l^r^ 'M 

: Jp Jva^ cN^j Ni tM2j M, J^UJL) 

NiN2-N;Ni = r2-r, j MjMj - M^M^ = qj - qi 



n^ 



^ oU^UJl <L^I^ <>o Aj^ ^1^ W^ j:r?*^^ 0^*i ui^^^ Vi^J^ CjNU- a-**. 
•c5* c^'yU-l ftl* .^_;-.^l Jp S^L. l^ 2 ..i a; jjSC*jj (12 - ri)j (q2 - qO 

oljji SJLp Jbu iJaiJi ^j-Jj Jl ^^j Ml ^y tti o^^aJI ^yt ^j-.o .t.ti jJLkj (^ 

• Ti = r2j qi = q2 t^^ 

qi - qi = ri -r, =0 (Y 

q2 - qi = r2 - U >0 (T 

q2 - qi = r2 - r, < (i 

Iqi - qil= Ir2 - ri| (0 

qi - qi # r2 - r, (n 

.r2-ri ^ jq2- qi = (V 

Y J \ ifzS\^\ J juuil^ ijy^UiJi ;^>ij ;k-^i ;^>i ^ J^UJI U . Vj t n 4 o 

;iiUJ] fUl ^^1 ("^ - Y) jjlj JSCjJI JiUij .(oliU ^^« <> Ji»:>" t ^j ;iui) 

>us«s»j^ JbJLj^ 4^Llll iSj^ til <il^^^^*^^J ^JjLJI c-il:^! ^^^lAj^ 4]a^\y (, ^j^>m 

^jXa1\ J^^ ^j..->-mJI Jj-/»jj J^AlaJl ^Ij^ ^ fj^\ tNjj Ni 4M2J Ml itlJl 

^Vl yk ily^j ^^JJl jijJuJi villi Jp i3y:j <;! jl 4IJLA*; ^1 ^1 v^J <^l 
^-^1 ^I>1 ^ yJiJI oU^ L4J J-^ :Dl^ ^ U:i3j .3^>l 2^;l^ ^JULi Jp 
^jM,ft ■*.,H (jSf 4 jj-M«-JLJI A^'y-j j^iJl <5'y- ^^ y*>U' i^li^ ?*:♦— i ^ '"^J ' ^-Hi^! j^l 

: Jlill J^LiJl c-..-^ o^S^ i^Jaxs^ 't)^j^. y^b 

.L' ;k5ill ^> jl L ;kiJl ^ ^„>A<I ^ UjUll ;iy- ^y o^^ Ol ^y^'^\ cUULi Jp 
4 ijyhUaJl iS'yi-l ^ 4 ;j^j:j>^\ <>• J^ cf* ^ ^j..«.>lJl CwUj li| . ^j...»,JL.Il i^y- Vt^-H 



V* 



Jl ci-^Ji ^ t^-^1 oVU-l a-IjIJw* v--ji lJL5Cfcj .^^^1 ^;^ JS* «yji» ^j^ ^riJ-^' 




(V - Y) ^j J5L!JI 



•JJVl 



Ptolemaues, L'Almageste: edition du textc grec par J. L. Heiberg, tome 1, : j — la Jl (X\) 

pp. 272 - 275, et traduction fran9aise par N. Halma, tome 1, pp. 218 - 220. 



v^ 







(Y - t) jjj i^^l 



VY 










vr 



ck' a* Jj^'i -r*^ V^' >♦* J^l V^' ^' '^^^^ i^J^ Jj^' V^^ . JjIjUUI 

/''^JjljJ:.! 4l^\y^ J^\ 4Ja; 



OHD ^^^1 ^UVl c5j>3l cllt^ll 4:!>dl j^!>USll ^ JjSfl Ai^l ol^l 

tO ^LkaJi ^ jiSli oat ^^..^i ^^ j^^ 0.^ ,(r - r) ^j j.LJi jiLiJi ^ 



.uiVi 




(A - Y) ^j J^LDl 



Thabit Ibn Qurra, Ibid., pp. xciii - cxvii, 94 - 1 16 and 230 - 259, : ^1 ( £ • ) 



vt 









H,D 



— a 

a3 = 



Ofl = Qr2 = oto 



O 



(^-Y)J^^J5:JLJl 






(\ 



H,0 



a2 = 



Ofl = Of3 = v4 

<iJj ^j i>-^ Ljlwi a3 ^j^\ dj^ .((^ - T) jjj JiLiJl ^1) «i5l^l 

UjbJL^ V^J ' J^^l *ijjj aJLU j_;-y » J iiilail 4.*JiJl ^ (to d\ . JyMji}\ ^^1^ 
LJjJl 4ft;Sll fiJl* jl t«^^l J^j^ '•>» cA -^^ -^ .j^\j (j^jVl ^^ oL-^ U-J 
Oo :i>^l^l cJm^ IS! t4jj^ J^U ^ Jt)l^l OjiLi 4l0;52 toUjjJL n^jLj 
J':A^1 L)^^5lrj tiJlill ilU-1 ^y cA.-^ «^jJl i^ ^ ^^..o.t.iij j^\ c_-Ju . < 10 ; 52 
i**--LL« j^\j ^j-^«-iJl jjjj *4j'J^I iiLlI dj^ d\ JiSJJLp c,.-?»i . <i}j^\ yijli JL>- ^Jp 



Ql = Q!3 = A 



^2=0 



Vo 



25" J tijUil J:>Sfl aJ-l IJLa jl ^^ .(i>Vl ol^l ^ cJl5 Uf4 c25° < A 
.25° ^y oy ^ »«^ l . l l JJ ^l_>ll ciL^ cJlS' ISI tjL^I iiM»j 



^i-^" c 180° Jl 0° ^ j^\ l^\>- jSj L.JLLPJ . 180° J AjjL-ui a jjiCf L-Ji:^ ^^^^1 
^jU-1 viULiJI j^U^ R 0^ 0-^ R + e-r Jl R + e + r ^ ^^Ij ^j^jVl ^ oLll 



© 




t(A _ Y) jvij JSLiJi ^ OL2J 0L\ uw-jiJl J^ i-iiLll ^ j^^L-Vl j»-m^I jjJb 

Ujlip a©j ai uwji^l ^ A*!iU3l V(ai,a2) ,;;^ .^^Vl ^^ ^ Jti».U UJ OjljJl iJL* 

jlJii^ ^^ ^'>^' o%Jl ^ 5ji ^^l ci-.j>«-^j . ^jJl aJ-j15 JLj- J-p Jt^l jj-^ 

:yb3l iijllall ajL^ ^■Wt-.J c1-.->o cAai ^j-^aildl jlJLi»j Aai ajbljJl* 

V(ai,a2)^i==J^V(ai + Aai,a2 - Aq:2) 

: 4JLjIj Aa2 Jl AcKi 4-j-«J c)I JljJLLp- S^ j^I JLS'Jj . ^ij-va-ail ijwjiJl Ji i^-jJL 
aJIj JujiJ j2;>«Jj . UjU- UiJL?- US' Qtoj A jj5o «*i^^ ck = Aai/Aa2 = (A — ao)/Q:o 
_ Y) j^j ^^ISCJLII ^1) ^>i iiJL>. iJU Jl 2ba^ ;JU. j^ j!>^Jl Ida; lil oliJl oJL* 
jl 1 : • ■ < ■, . M . (a2 = 0)j (ai = A) Jl (ai = a2 = ao) 0-* t#^ '(O ' - ^) |*-^JJ ("^ 
(,Aoi2 = aoj Aa\ =A— oto A-* ' V(ao,Q;o)^^=>V(A,0) : 4-l»L-Jl ajLjJI ^j-« g-V-T- . J 
.A= (kH- l)ao <J^ J-''*^^*^ f-Aoi2j Aai ^^ k o-^^l aijUJI wL^I l'..^.ki>.j U IJLaj 
.k= 1; 11,46 jl 4jiJL*Jl j_;^l ii^Lkic* J^j^j tiijjjt* k i«-Jl dl Sy ^ cUjC JlS'Jj 

as jj^ :aJI^I 4U>1 (Y) 

^L-^ a3 bj^si (5ij-«jJl ^.. ^ .t.ll Jfl^ J^ JtiL t(^ _ T) j^j J^^l ^ SyhUaJl 
t«jiV! Jp Ul^l p'^\ ikaJU ^ ^1 H iLiJl ^ yJ^\ Jjclj Ujlipj .^i.,/i.U 
oliCll IJl* j^ JiVl aJ^-^ ^^ ^cW^ Q^ i>* ^r*-^' hjj^ ijLUJ JbjUL-l ^_^jiJl j^^ 
LaJLpI ^^I 4 «;.,./iI| JljULLc- Sji ^1 J-iaj .H <Ja_5-Jl ^ <1^\ ..,/f ^ ^UU <^i-n^l 

• ^J^' ^'^ C^-^ Ji""^ 4w^.,r^ Jjl 

aj = ao(360 - Q!3)/360. 



.cxv ^^ Jl cxii ^ ^ tA^ jJuJil :^l li^yi)! «!» ^r^>J (i 
Regis Morelon, «Fragment arabe du premier livre du Phaseis de Ptolemee,» ' j ^ '< (£ Y) 
Journal for the History of Arabic Science, vol. 5, nos. 1-2 (1981), pp. 3 - 14. 



vv 



(a J Li) j^\j ^jVl ^>u aUl jj^ riiiJliJl :lU>I (r) 

t ajJ^I iJLili j^j-aJ (JJ^ ^y^l J^J>*S' oo = 10; 52 «-J»j 5y ^1 ol LLL- LjIj 
^_^Vl JbLl IJu ^ ^^1 ilj 1^1 .1..^^ j^j^l 11^ ^^^I JL>^ A = 25 ^jj 
d\ Iji <>j c^U JL^I li^j .t5>-Vl I^jj-JJl cJli" U-p jl^J! ^y Ls^ ^^1 «^l 
:LsL^ c->yl ^y ^1 Oj5Cj si 4 :uj^l UjUJ l»jjJJ\ jI^-^I Jiit oto = 10; 52 ^ t^UJl 
I^I JO^ A = 25 o^iUJl d\j <a\S • T) pJj J5L1JI Ji^ a = 180) ^jVl ^ 
^jJcj [aXS'j .(a - 0) ^jSfl ^ AiL^ jl*jI ^ ^^1 j^ ij f-hij^ *^^ i»jj-tJl 
^15 Jla) .clUiJ Uj Aj Oo i--»L>.;>- (ws>-^^ '*^j ^U jc*^ '(j^jj'^ (il j-^' i*L»*4 
Jt^A ajJj IAj\j (jj>- ^UsciVl yl;;5' ^y o^j^ ^ J^ ^^^ <^L-il oJu* J:>«j Sy ^v^l 

C-»U-ji cT^*^ *y^J^' ^J V^^ (J^^ i-->ll^l iJlA ^ j_^j-j-JLiij .iJji ••jJ*jJ' '^j^ 

(.ISjSfl u.-^ L^jl UU-i 166) ^jSfl ^>. UoJl oU. Jp <^^l iJUb 0^^ Ujlp 
(_^j-saJL1I AiiL-^ J^ (.^^^l IJLa <1>^^ Ujllp oL»-ji /»r^J (ji./»wli cfilS ^ *jj^l 
JJU ^ 4c-»li5ai ^ ^ Siji^Jlj y^^, <^^\ flij^i ^' .(L^jl ULil: 1079) 
cuJti jl jji tiiJLP Sji ^1 JL^jj .R + e + r = 64jR + e-r=53 :Oi^tA*Jl 
1; 8j tOo J 0; 31 ^_^ j-«JiJl J^ ajJj aJLIj ^_^y ^y oUjjiJi o! 4^j-s^jj mjL-^ 
d^, L.JLLP 23; 52 < A < 25j 10; 52 < oq < H; 23 : jl dDS ^^^ ^t-,?„,,< .A J 

.0 < a ^ 180 

JjJij t^lijMl oJlfl SJL:?- ^^ (^ (J^ V^ J ^ »/t>»,U 5JLj>-J ijL.,^ ^^ -^y 

. a^Xj^ aJIi:^ bjJU»- ajJ^I iJLjli <^lyl jW^^j aj^J^ aJ^ bjJb- oULJ.1 jLipU 

d (^jL-u AjiJUJl 4JU1II J-*L*-t (JJ cSyk^l u-i'ji' jjAs^ U^ .* j'yi^ ^^ A>n^\j 
42; 712 ^ A^Jl^Jl iJld.1 J-.l*4 L*! i7j 5 u^J>\ ^ ^ A^JaJ^ '^J^' ^J^ «^^-J 
<^jL-o t^^l ^^^ U-J .7 LjJlI ^y 1079 iJlJlj t5 i-Jj^' l5* ^4*7 ^"^^ <^J^ 
t^jL^^ .22 vJ^I ^ ll;22j 21 V^' <> 10;51 .i^ t0;31 ij^JbJl iJliill J>Ui 
flij^l jl .22 v^l <> 64 J c21 V>' cf» 53 JLnjJ c 64/53 V..X^I iJliill J^Ui 

^\ JSyi US' ciijjj«^ k ij-jJl cJlS* bj . l^j>-l_^>«i^*y ijL-J-1 iL^I j_^-^ aJL>»i^I 

.Aj Oo j^ 

a = J iiiljil ^j./aSii Aj Oo /t-i Ml j_,k»»i V Oi^^' ijJb- ^j-j iLUall ftJUfc 

|jb»- ikj.^ jUio^l Ol^ t(_5ji»-Sfl j,-jiJl c-^L-J- tSy ^\ aJL>«1*-1 Jjj .a = 180j 

VA 



< I (a) < :Ut>UJl ja^ ^1 I (a) a\\jW ^^^^Sf jJ^- ^j ^s^\ ^j^^ o^ U~*< 

: Sy y> o^U *-^ li5CAj . < a < 180 b^^ Ujulp c 1 

. A = 25 - 1; 8 . 1 (a) j oo = 11; 23 - 0; 31 . 1 (a) 

ca J Uj t^-.-4j c(jUall JiSlI jU-I) ai = 10; 52j as = 5y ^;^l ^, (I) 
b\S ISI Lj^ 0^ ^^1 JtAjb Ol 2^:i:l-^ (t-J too = 11; 23 - 0; 31 . 1 (a): Oq i^ 

.a2 > oto 

^j^lJl c-.-^ ^ ctti = 10;52 _» ixii^j <.;5;i54^i as iU-J 5ji ^^1 Jl>-L (lj) 

Jt>^Jl ,jl ^:;i...>>^ tok)' = Oo (360 - as) / 360 : i^UJl v^l^l jy^ ^ y-^s^ ^ 

.CL2 > cto bjci 015" ISl j_^j^ ^ «1)j5:!j 

^^\ Oo" = Oo' — Aoo' c. .-tyj tol^^Jcil J^ i*iJj-l j^l Sy ^1 ii^L (r-) 

LitAia:! ai ^jiil Jblj; Jp ^*>^ >T Ju.Ip oUI v^^^j . JiJ.\ Jt^^ ^^ijiJ-l ^yJl 
;k^l^ too J ^syr ^^ tiJjL«il A <*J A' J^Jbj 4 10 ; 52 jIUl ^:iVl flJb- ^^ 
Jp v'W^' *jW*J^ C^ '-^^J • ^^^ v^t^i j>ji» ^^ yliS' ^ i.^1 ^^1 

:JliJi J^LiJl 

Oo" = [11;23 - 0;31 . 1 (a)] [(360 - as) / 360] [(A' - a,) / (A' - 10;52)] 

.0.2 > Oo" d\S 1^1 \JjA 7«--^ J^^l 01 oy ^\ *ti:L-jj 

tA = 25 (_^iaju t^JJl Juj9j\\ Ij-^Lp- il-< Jl ^^1 aJLjU ^jii^ JLLl^ IJl^j 

aj^JLp Ld*lJL>-l Cj^^ .^j-^ <j:rf UjlMl ta2 «jj^lJ»j ai <Jblj;» j2;jj tk oWl i---jJl 

ao< «! < t^jJli-l l^^ Jl 4--JJU i*«JjJl iJ^I iJl^l^^J^llI 4^JCm^J tA^JLL* (Jj>-^^J 

t^j;4> IU» ^ 4....:.S.* ^la^.u! JLftXi^l ii.--,^ iO^aj^A j 0^a2<aojA 
yjai\ A-^jJ UJ i>^l JjJj^ii ti^liJl t^l^l j^^ jJ yUS* ^y Ajr>»i--» <^r^j 



Ptolemaucs, L'Almageste, traduction fran^aisc par N. Halma, tome 1, p. 430. : ^1 {it) 



'^jj^ JL»y Ji Ml j_|^ *^{_5-.^ t5jL«— ' f jJf c5" <i}j y-|L2J 5JL*-Ij iJl-JL {^j-M» ^y^j 
dUiI l^ ^ V^i^'j *<=il^l c^l^lll cti^l J:^l :WijP JJJ jl ,,r— ^1 

. J^^l <iL?- (Jp LiJip -UjJaj JjU- c ^Ip (1)^15 ^^ 

^Ji>y^ AaJ . iiii V^^ ^^ diLiJl jjU- J5l— ^ iJt-U^ JJ Sy ^1 ^ycM- li^j 
9^lldj SJlJLl ii jJl dL (j^l JliJ . OllUfJl viiij A>W» ^ dlSwJ Ot (l)ji C ^y^^Skli 

^ oJtiJl jl /^*^'«oJl .ULL- Ji- Jl J-^^ Ol ,>s:^. V ^1>L i]jjb L.» OM dLJij 
oils' iiU- Sji J4I j^^r^ vlDJl) tLjjjHM^ UJli ^^^1^ JL^^JI ik-^-ljj ij^^JajJl ^liJl 

.f^Y<\ /^ rw i-^ J Jyj ^liJl 0^1 i*->.1jl ^ ^^J i^Ill jUl ^ ti^Jip 
^I iJLi» caJU t:iyr olS Sjujlp bU»jt t5^t vl-^ wiJl^l Ijj^*-' JUJ- ^y oljjiJi 
J!^ ^-!>UI c^>Jl ^ cUULill jJlp Jp ^ ^'b'^jil IJL4J OlS* /''V^UJI g.^1 
j^l ^ ve^' Jl ^^, r^J iS^^ UtJ^^ ^^^' (^ (> -J^^' (>^' ^3^' 



Thabit Ibn Qurra, (Euvres d'astronomie, p. 108, ligne 6. : ^1 (10 

.i^l>l .^t^Uil i^Ul 01:- ^ ji^ ^^ x^ 4UI JLP jil :yfc ciJjll IJL4J J.isai j^)/l (io) 
Albategnius, Al-Battdni, sive Albatenii Opus Astronomicum (al - Zij al-SdbV), edition du : jJaJl 
texte arabe, traduction latine et commentaire par Carolo Alphonso NaUlno, Publicazioni del 
Reale osservatorio di Brera in Milano, I-III, 3 vols. (Miiano: Mediolani Insubnim, Prostat apud 
U. Hocplium, 1899 - 1907), reimprimfc en 1 vol. (Hildeshcim; New York: G. Olms, 1977). 



A* 



JLj^^I i^jil <il::^ d\Sj . (Albatenius) ^ij^j^^* j\ (Albategni) «,_^l» ^l ^ji\ 

iiiUJl ^y jIU ^» ^^jju ol^j tS^^I j^JLp jliJi 015 .■■■...H li^J .L--J c^y 
.dLUJi jjp ju>- ^ olj^r^l ^ r^\di\ ^^jA JJ ^ i^^l 

^^\ ctlUJl pip ^y <U«J ^ j^j oUjJI ^t J.. JiuUL (jUl dl5 JLii 

i J . *^j^\ •'UJUJI ^ ftj-iLj* <A^ ^ i, Ljjij J-"^ J-^--^ ^ ^ '^ • iSj^ V^' 

4iJb t^^^li JLiJ .^j^li-l JU»jJl OlJL-» ^y ^L-^1 t^UJl flf-*! ,>*^ Il5ukj 
Jbu Jp -ij ^j^l vULU Jp j_^-.*JiJ! £jt Ol J^jj .(23;35) ^j^i viULi J^ cUsU 
UJiJl Jl ^^-ISO .-»yt t jliJI j-.,AP ^y 4 ^ 4-^1 a JL>j . *l j^l ry, C^ 22;50,22 
^jl i-5'^p- J^l *iJUJbj . 4JIa j^p.«JL]| XIm. jJ •->l25' ^y Oijj ^1 dili ;jA IJuaJ^S 
^^\ ^JiJl oJLaj 1 365;14,26 J K^jK^^ oJ^y ^u^-"^' ^^^' <J>^ ^^ ^ ^J • jj-^1 

Ji* SJL>-lj i>-jjJ <ijLJll ^ybj tj-KiJll ^^1 ^ <^^jj «yJl ^2;JlJLip*yi Sj^L* iijC 
U 1JL*j .aJLp jl:;im»I (_^JljI jJUaII ^Ju 0? Oj^ i.f>w» y Ji^ Ol J^ uiUij iii*- 11 

-LiU*l ^..ft.t.ii oUj-^ ot tvilUll JU Aij^ ^y 5j^ Jj^/ tgT.T...^ t<JL»c>- U IJiftj 
^dO <>• (Jj^ y^ ^j^ ^^ u^ *(y^^' ^-^^ ij tj^l ^j ^Ij oS/ tAi^ 

^^Jcj t ^j....»..*Jl -L4 AJly JLlP tj^l irfjj i^jlj 01 *A»ljJl y <>*^l '^ .jj^,u*JtJl ^j 
^Jj StjO ^^J (0; 33,30 Jl 0;29,20 ^ ^ ^^r^^l .^D 0;35,20 Jl 0;29,30 ^ 
Ul .(0;32.32 Jl 0;31,28 ^ j> ^^^L^l ^1) 0;33,40 JJ 0; 31,20 ^ jJc: ^^..^JJl 
(jyu ii^L ol Oji — 0;31,20 J ^L^j oU ^_^...^) ijjj <ijlj Ol j^\ JLii ^j-JUa^ 
^jlill .iiUll Jp L^y- ^ ^jVl Jl ^j..^\ ;iL^ ^ 'Viy- y^ '-^J cjLipVI 
iJLS^l ^1^-^. ^ t j-^l ^tJj <ijl>J tr'^Vl JJ-I Lsiul ^ U-OJl 6JLA of J - J^>l 



A^ 



x^ ^J tdLUil jJU> ^ 35jo*l ^JUI J^l <P^y-*i <j,d:Uj ot tflisi-l ^y 4 JjUi^ 
ftJiA cuJlS'j . f UJLJI i-i^^ KiJ- J.^1 IJL4J :L--L-^1 ^IJlI out-iij Ot JL- dljJl 
vJ^I j_,JL»Jl d^l ^y J^l «^ 4*-^Ul jyUl Ui.j ijloJl JL* lL.ljl4 ci-iyJl Jl 

iU^jbU J>«Li ^^^ A-^j (»j ^-^^ ij^UIl *i^^p»Jl (_,i <.5aJ^ J^^ J^^ ^^ 
ctJJS Jll^ ^L^w'Ij <:)l^j .»UJLi-l ^j^ a^jjJl t^Jin-j ^^ cdUi Jj^i U^ 4-L-M-L-V1 

iU»jSll jLUt ^jU^ ^^L^ JuwJl IJL4J ^tJrl j+liil j> Uul iJLiJ j! c-^j 
ikLJl jV^ ijjjr i*U oLw.j^ -i^^-j j^ ^^-^ tj-^l villi jj^ i*jji ij^jP V-'j^* 

^J-*^' {Jij^ 0^ ^*i^^l ^^Wt.-i liXftj . JJL«i> X>^jAj ilJJo X^jA JiiL* ^iji"^! 

/»L1slJI J^li ^ is^ cij^ *^^ o^ -a^J:" ^^! ^^-^ oLjJaJ ^ j^w . l c jL^S/l 

.^^^-JUaj JJ ^y l>'j:A\ <^x^\ obL^JIj 



^^yyJi^i iY\> _Y>» ^ ^yji aY ^;^>Ji :ijUiiLji iv Ja^i \«A^ Jl Yr 

- > J,>il>l ^<\Y ^ ^J^yS\ ^\ 4 \YA ^ l^ji\ :J^\^'^\ Sj^L- O JdJ-int ^_^ J] YY JajLl nr 
cr-^' ^Jj ^.bj -^^^ - ^^'^ ty f,<y^' tr*^' * Un _ \tl ^ U-^) :ojliJI ^^1 JjA>. *o 

. \o . r j,>iLi AA ^ i^^i ^1 t Yrv _ Yri ^^ ^yJi 4 oa ^ a>^i :^1j 

Roshdi Rashed, «Problems of the Transmission of Greek : jJslJI iaJLJ^I aJL* Jj-9> (IV) 
Scientific Thought into Arabic: Examples from Mathematics and Optics,» History of Science, 
vol. 27 (1989). pp. 199 - 209, 



AT 



iilJUT j.y,n[\ oj^l oUtJLill ^ ^ t^Ul j^l j!^ f JJiJ j^ JUL) 

c-»^j V-^r?^ ty^f^l ^Ijl;*i*-VI J-^ tbloplj :u^ js\ JiLio tijjU^l s^i 
^ C^po sy ^1 L jLiJ i\jj^\j /^^^fUill J^Uij J^iOkJl Jli-il Ju^j 4(.UJI 

. iXUJl oL-ljJiU LirjJ: 4jJLJl Uvoll oJiS't jl ^lUi i>,-:; j^ 



jj^ ti^S JLiu c-jiJl ^_^l <i^j J^' &*^-H ^'-^l y^ (^ '-*t:^ "^'^ c5* ^^J 



^Ul 0>5JI JtAi- v-^' £5liJl i^t olUdL. ^ULI yLp ^^^U-i jLMoiJl ^jW...j 
. ijSiUUll oLLJ-l A*^ L5j;»- Aj JaJy t^JJl JLJl IJla j^ ^ 

^ ill-I y^ iUL-s-j li-ll ui^^ iiUJLJ . it^LJU «-u-li]| (1)^1 ^y 4jL^j ^ <w.-«-^t 
JlJL: Jl Sli^l ^y. IjJb- ^Ul ^UJUJI cihJjl <pj^ Jlip c^^ll^ dJLli Jbo . jw»Vl 

.^^1 viJUUll jJU^ ^ Jj\l 6^1 oJUh j^ Ajj c^Lp 

^ ajL>- ^ U-mJ ^_5-^ . (jL-l^ ^ 4JUoi tU^M L-^ljj c)jtjl-l jA«>- jji ol5^ 



. loliHl jJL* Jl i^Ji^l 



Af 



i-^U-j tdJLiu ^ 'jjL?- <^'JDl Oi^J^^ ij'^'^ •-^0^! '^l • "^l^^^ fc— »L-.L>- J^p- is^L>- 
lSj>- jjULl ^ji .AiliJU- Jl ;*--jJL JUpVi flJiA ij^I Jp JjJ <JU^I Jl tt^j^l 
^j ^'j^ ii>llil 4-*^! Jj^ ^^^^- lia j JUtfj ^^^r-r^ (J^ t jLJl <j-^^j t ^^.. a .t. H 
ajua r/^^ .iijC ^j.^»..tJ< JJ ^y>ji\ 4iL-w« t)ji^ Ol <:-* ^^.AtjI U iJuj c ^j.. ^-.*Jl 

i^^ 4jLJL4 J^IJLj fiJJSj tlUJl ^jA jf' <^j^ ^i^ J^ ajjIm^ i^^l 0^ *^^*e*i 
^ fiJiAj /^^^LLJl ^IjSCli ^j-JJLi^ iLA ^ <jjJil JJL«-- <iii^» J^ jdj^' ^iJ^ 

jlS" JL3J . *** j^U^^bll wb^ ^ ^^».Ua.| 5^b; Jl bbl->.l c)j^ SJb^ ^ ^^ V 
Jp c jNl j:s>- AjJlj eJbJl^ ^^y5C*j V J^^ J^' ji^t tftj^^ ^y Oj5 JL«J 4 ^^11 IJ4J 
-LlajJ eJLlLi Ja-jjilj tdj-^1 t^L^j .t-L>J ^j^i tj»JL--fJl ^yl jL*-pI ^^ 4 j»-wJl 



(M) 



jj-w^jJI iS'^p-j rjj^\ *^J^ Jt^* Jj^ fliUtfjl ^ JbJbJl ^S Jiij . OLfi-M^lj 'J^j^ 
^^^^iiiUJ) c^l^l j^^ yl:5' <AJ>M ^^Sfl Jp ^^1 a:l^j r<^^t^\ <^\ J>j 

pULp ^j^J i»j'-*-*J' ol^l 5yoU«» ^y 4«_->li^l iJUh oJLLi ^y 4Mi>j^ l5*>^' ■^-'^ 
^1 ljuj^\ IJill^ 4 0l!Jl 4-^1 jSai l_^ji ^,JJI 4 JjLJI J->JJ uyoUl i-/yJl JJUUJI 



^ iJ!^A)fl ^J^ : jM li^\ ^ ^/ ^ v^ "^-^ V* "^^-^ • ^^^^ ^^^^ '^^ r=*^' t^^*^ '^^ 
.At. 2499 ^i^l c-^ tUy i^^L ^ v^^^^' V^' ^ '^yrj^ il-jkUl . iJ^Vl ^U; 

.Jbil J-^l>Jl(o\) 

H. C. F. C. Schjellerup, Description des etoUes fixes; composee au milieu du dixieme : J <--«JjJj| 
Steele de notre ere, par Vastronomie person 'Abd al-Rahmdn al-SuJi (St. Petcrsboiirg: 
Commissionaires de TAcademie imperiale des sciences, 1874), reimprime (Frankfurt: [s. n.], 1986). 



At 



^jb til- *n J5CJ SJb-lj <5rj-^ ^Ull ^j t,>>iiJlt g^>ll ty»^>» Jr* j>» t j^lll 

Jj-Vi- Ifl^ . ut Jj-UIj ^yj-vaJl pJj ^j . ^^ ^jftlla; jy US' jy JiCJ SJ-?-lj ip-ji ^y. 

^IJLip'yi Sj.>L* *Sj>' ytj^i^ ..rt?l Uij ^^j^ J^ J_^ (j-j3 j-Jc:j 4^1 tJoJU ^h.u^il 

c-Jl J^ c JL^jJl *^\j{ 1 5^^ oU>-lj-^ ^U Jj . i^^LJlI ^Ull O^lj jWl jjiJl ^j-i 

Jl ^^j ^Ji Ji ^<t^.j*y^ i^^ ^Ij Ji^ «-jU^I IIa jJLiil . v^jJ' v^'^t^ 
«^jjl» J5Li ^y <J^y ^\ Ojij - i!A^ yt^ jUJl j^l ^ ^\^^\ Lj-J!)UI 
^y ^^p«Jl ^ jy^ Uij^ J^^^ <>• ^^"♦—^ C.>.UpI Ol kiUi i>wJ ^ 01^ - (Azophi) 

JS . Lfxilj-* ^ t^jj>Jl oLpj-»jf t^jLbiJL AjjjJfl— ijII Jl^-iNI Jli Sj-J«-m<? ^j-*-j 
(5! - «ft^^l ^ iSy U^'j t^Lk-Jl ^ (^jj US' :^liu Jdj jj^^jj^ <Ay^jA i^j^ 
^Ij^ JbJ^ J^--o U IJUbj _ ijjU^I s^l Jl^^ OJL^ ^y jl v-^ ^ JiLi Jp 

^L>«_; ^_^ j»-ftLl- L* iJuhj 4>\JL* ^H*^' J-^J ^(j^j^' J-^ ^-^j-^^ t-JLp-lj oT <^ 



Ad 




1*^ 



>':%,; 






l^^ii^^k^f 



.(n»rv 4^u a»>;t ^oi^) 



An 













AV 







AA 



f-^VL ^^*^ U IIaj .5:>Juci1 ^^Ui-I 6iU»jl g5^ W^^b ^-^J W^J V*--*^l 

j-^ VI a>; ^ ^1 4^J^\ i>LUJ ^ujij ^ui ^^1 jiL^j ^ ^^ > 

^L ^J -bl . hj^\ oVNjl^VI j^ IJb- JJj jJip Nl ^jll iJUb ^^ JL^ji V 

^ tt-^ljXJl olS'^^ JjlJ^ .rr^ J>^ -^ J>^**^ i^y <j1 t^l t4^Jl^ ty*^^^ 

JLi t^jJLc- ji—rbJI jjiJt ijiJU ^ ^^l J-xaIj *LJl(J1 cJj-a? c-^ L4J>*iLii c..j«-J»j 

OjX. jt ii!AiJ1 f-V^k J-^ ' ^ J^-- I Kjfcj . ciJLj>»iLl ^ cij cj* J-*^ ^J ' ^ 

^ * ¥ * * 

l^^i • /-Art A <^ oi^jj^ ty *^ ^i^j '^\j oi^ (^-i)i J^j^' ^^>^* ^ ^j 

rbn Yunus, l€ Livre de la :J^\ ii*-J^I Ji c^liSCJl ^y JjVl Jj.^! o^^j yu J_^ (or) 
grande table hakimite, partiellement editee et traduite en fran^is par Caussin, edition s6paree 
des «Notices et extraits dcs mannscrits de la biblioth^ue nationale» (Paris: Imprimerie de la 
R6publique. an XII (1804)). 



h\ 



Ul . i«j«-4 i^UJ Jjj>- ilL^S/l ?-jiaj oLS" LJII^ 4-«Jj Jj^^l ^ C-..1 W > tLJj^ 

.<*Juill ^ ULL^j 

4^Ai-« «^1ju>-Vi JuJLj ^^j jl^JI ^ t(^^^' V^ ^^ft ■/^:Tj .Jaii iwUS" ii^- «jt^^' 
^^•UJI j^ toljLll IJl* ^ c J^LiJl ^^1 AJ}y Ul .iiOi J:L^ Jl Sjujlp .i^ljLil 

^ OjJL/> ^1 Sj-ijJl k_-«>- i>«iv9 ^ iAY 



JLij i^ljJl S_^ iLJy t,^->ijL ^ M'^il it^' ;/ 'Ar. 2494 ^^l olS :ii»_^liiJLl (oi) 

Le Baron Carra de Vaux, «L'Almageste d'Abu-1-Wefa' Albuzdjani,» Journal asiatique, ; > ^ .^j^ 

8^" serie, tome 19 (mai - juin 1892), pp. 408-471. 

p\ij}\ ^} oLl::S'l J_p- (L.A.M. Sedillot) ^JU- Ujljf ;JiUJl iJb- i-ljjJl oJLa ^j^ a-^j Jij 

Julio Samso, Estudios sobre Abu Nasr Mansur b. 'AH b. 'Iraq (Barcelona: : j — U — Jl (oi) 
[n. pb.], 1969). 

D. J. Boilot, «L'(Euvre d'al - Beriini: Essai bibliographique,» Melanges de : j— Ja il (ov) 

Vinstitut dominicain d'etudes orientales du Caire, vol. 2 (1955), pp. 161 - 256. 




(V _ Y) ^j \j^\ 

.(A*n olv i^r^^yi <^i <i»ji«^ tSj>UJl) 

If^J jLaj *j Ujl2i. ^_^ V^^ jU^t J^ V cT^*^*^ .aJ^ ^j-—^ ti^*^! (il 
Ai^l JU- ^ c-.*iS' L» *jbl ^y li>j .mJWju-^I a>« Ji:5 iL^- *li SJbJbr bU^J LL^ 



\\ 



iiyca J^ jlS US' tAjjyJl CJl^ A-«J^I aJU-P iij Ul t aVI CJJ A*-^jU)t CJlS' 

(jir ^^1 i^JUvfJl iJJULUl jJU j^Ui> *^ Jp ^L4 Jillj LJki diS \jSUj . iuyJl 
iiUL aJuL. JL^I Jl jt v^jJl J-^L^> J! (i^jTji -^-^ <3l^j olj^^^ U^l ^A^^:^. 

j^ljl j_^ A^jS^..„:,,M ^j-saJI J^ JLhj «>^^fiai US' Cjl;yJlia> **^J-fc ^^^ /^J • S^j^' 

JjLij (jl uj^' fliai--l llSOfcj .IjLiJJl js\ iJLijJl ^j-^l cJlS' Uj-i caJLpSII 

.^^^1 jiuij t^ju^ji ^ujij ju^i ^ibJi ^ .^.^ J ^y^ji.\ j:Ui}\ ^jNi j.ir 

4JU-p1 <pj-«-jf ^j^^ (^^ <^' <^J^ caJUp <ijjJ» (j^ <-r^' isliill (jAxJ 4 Jj U-J 

^ ^\ 0UJI .^iUl ^;^ 4^A,^i 0^U31 ^y JjVl .>! ^ ^jjJl >pi 

. 4 ■•..■/ill ;iUiil l^ Uj i Uk^l oUUiJl t^jJ ^^1^1 jJp ^_^-^1 ^y^j i ciJUUJl ^ 

^U V ^jjJl^ V^ b\ j_^^l (-U-.I /Jb ^) <\j^ lltpi ol t^j^l a5l .>jSfl 
y» tiJUl jj^l J_^ Jp t jIjjaJI ;^^^^ i3^^;>Uj ^_^jl ^,— P- J5 aSf t<>^l ^y l^ 
.j4^ U Jp ciiOU;^ Uj>-j ^I i>«J-l oi> JjjtjJl o^j^ .<i>jA^ J!>^ *j^**^ 

^^ <y ^^jVi Jp AkL <p^ v-^j iJiSfi A^jsi-^ i*^^ <il--ii oJu ^ijj .iU f*^ 

^j,.al:j <:)t j! .-.>!1 Jl ci^l ^ wjVl fL^^ t$>Vl ol^>l Ji S^l :ip^l 

. i^...rf> J^ tJUj-^ ^>*' 

jJLp Jil • ;jA i:L-jt>i ijL*^ ii-U-* ^ iJbJl iki-l ipLp J^1-1j tjj^^l ^ 

JS IJiUj So^t c^yJl ciLUJl .UApj ^j-JLU^j :»>4ll «^UiJl JJ ^>* i^>*li J^l 
LkJli 4»L^:iVl JLip *<j^j^ (*-J .^»1jUI <y i-^jydl i>UJl *(_^:>Lil Jp blLi--l iJUb 

Shlomo Pines, «La Theorie dc la rUajl^'l .of- iY j_y. i-^^J: j-Uiil i^^j^l :^) (<>A> 
rotation de la terrc a Tepoque d'al-Birum,>v Journal asiatique, tome 244 (1956), pp. 301 - 306. 



^t 



o:>UJl ^j^ ^^1 JL^jJJ U|LaJI yfcl^l J-.L13I f-^l 2^lxLf ■ ^ (^^' '-^^^ fj-^y^ 
aJLjU aJL^j «^j^I» j2ri*^ -*^' ^j— ^ <JL*/i ,^1 4^,^flJi3l ^Sj^-j ^j,wftJtJl aS"^ ^2rr^ 
^^^ . J-JJlj ^,>*-Jl <-.ljJLi ^.rt..rt;t j^Wl ^jj^l ^ ^^ ciJUl J->aiJl . JtA^l ijj 

{1>^^ LflJtiP tLji- frL-i1 j_^ (J-J«Jl AjLji jl C(3j-iJl H^ ^ L>-Ls^ ^y>»-Jl Ll-L lj-iJL;»- 
^1^1 J^s^iJl ^Loj -^J^ J8 J^ 17 -J Wj^— * *t>*^l ^^ ^j..^-»Jl J^Ua^l ^_^)» 

: Jj UJ <Lv<iA'.,^ L« IJuj t JtA^Jl ajjj iJLli j-Ip 

^iLs^ :^/j1 :^ J*ljp SJbu jLi::; Jt>ljJl -ujj Jp ^r^l 5jJL> jj :3l.UI ^^jAlS 

^l Jl cr^J^' ^*— -U^' <^' ^^ U^ -^^l "^^^ ^-^ LT^' cjr-^' Jl ^l 

jiVl Jp ^1 V^ ''^^^ ^^' (>• -^^^ '^J^ oybOkJl ;jUiJl l^ iaJ^' ^l 
^^1 jiVi ikiJB ^>- jiSfl J^ j.^\ Jjil oliO iiU^ ;UjIj tcJjJl ,^ ^ 

. ajLp JiCj jLipVI Oy^ i*jL-*_^i o-U A^ Jl^i c-^ <ii j— -- Lr Jj^l ^.r.:..oj 

CjJlLJ^\ L-jyJl dULiJl ^ULp ^ ooj! juipl . ^y Uiil C\x^ ^ ^U^j^Vl _;Jl: jij 

ijjjj jLj^-^i" j-^1 Jjil cJjj ^.^ <^ ... 11 >^jj^ <^j jt^ aJLoUJI S^laJI IjJU-l JLii 
0>^ <>Sfl Jp ^jjJi\ dMl J^ JL^l jc*-i N <N ^U ^ jLaII IJla j^j . J^^l 
Oyy 1^5 *j^ Li^)U.j coSf SUi ^>i>^l i-'^l JLi ti>.^l at ^ .jW^^t 
Jju tJb-lj <1)1 j^ mW*-* Lf* J^"^* "^ J^' ^^ . j^\ jJil* «-i!i^Ip-l ^;>w.,rt7 jLiP*yt 






^r 



iLi^VL VI ajL^ J^ V Ja^_^l iJuj '-^^j jLr*-*^ «J3'V1 c-^ ^^....rll i^lia^^Jl 

^JJI Ju^^l «-^^t ^isi— ij-j Ji^/1 (J-^ j-^l Jt>LA ^ jj^^ ^j^ r\r^' J-"'*^^ 

• (*J (W. Hartner) ^jLa . j JJ j^ Jjj^' -^^ ^j--*JJl iS"^ ilL^ c^ji Jiii 

^JLp ^i «-* cAiLJl iiaill J^lj^ Ji* i-ijjJl fiJub ^y JL:>J /"^^\m. Schramm) ^l^-i 
4---lj^ cIJLIJlS' Jb>Jj . cJjJl ,j-uij ^ is^Ui-l Jj^y^l iU^jlj ^,,0 mJI ^L/>j1 ^j^ ^^--5" 
^_^l Sjj ^1 LloU i-^ljJLi A^^..t> 'J-^^^ rj^ »-^^ J-^ 4jyhUaJl i5'^^^>«JU 4^-^Ljj 

J531 ^_^5CU]| (.IkJl Jp 5j_^ c;iJUUJl ^ ^ ^1 IJla ^ J^ ' Jj^l "^-J^ (1 

(jJi JLj^J jSCJtu ij ^ W « J c jUjJl j^ iwi-s<aJj jji 4JLJ 3^ ^1 UlJb j_^l tilLllI 

4i-— ^j^ JUp! Ji^ l:;»-i.....4 t|»^ JS" jl^l jj^ ;>^J t<r*-^ '^j^ Ji^-^ ilJp[ JJ 
. o^ysAP j_^ tiULiJl frUJLp cJj-sdJ ci*j^ cJlS" ^1 iL^L^I cIjIj^MLj 

♦ ^j..Q.l.Ut ows^j (^IJI aUJI jUsVl j>*-s^ s^^l dilJ ^ JUJI iJiA j_^ jl5j •c4j-»^1 

.jJjJl jj^l J^ V^ 



W. Hartner and M. Schramm, <cA.l-Birimi and the Theory of the Solar Apogee: :^l (1 ^ ) 

An Example of Originality in Arabic Science,)) in: Scientific Change (London: Heinemann, 1963), 

pp. 206 - 218. 

Roshdi Rashed, «As-Samaw'al, al-Birunl et Brahmagupta: Les Methodes d'interpolation,» Arabic 
Sciences and Philosophy, vol. 1 (1991), pp. 101 - 160. 



M 






^ J-^y j^^l iiiUJi ^JLp ol J-* JjSl v_JI . vM s-^ '^^J 'L»j^^ ^-^J^' 

^ JbJii^l j^UVl 11* . jUjJl ^^SCLiJl J^l^l ^ ^L; cJl^ ^1 JSl,..J1 IjlJsL- 
t>i -r^ CH JJ-^^^J *cJj^b 'J^3J-^^' ''^jJ' ujb 'c5^j-*Jl J^-* c^^ tj^^l 
*-u-Ul OjiJI frU-U ^y* |» i 'Ay ^y^ p-*^J t^'jj'.^^b «y cy. ^^J ttw^-^U-i ,ji-j^ 

UljI jp j^l iJUh jl yt ^y^\ ;Lki5 ^ t5^y-l (j^l jLii-N jliJl v..,,,.llj 
.iJUUJl ^ 4,rt,„Uli ^^^-^Vl cAa^ (»Ujjbl WJ J^ ^1 JU^Vl ^y Uj^ j^ 

cA-j^liiJi «-^l^l ^ t(j\iJ^I ^ oJbJL>- i-^jJLi iiUJl) 4j>wJJ cJj^ JJj .(jlJ^l 

ij^aiJI ob>Jl.^JLp o>:l ^1 jrnil jL^>f ^U JiLiu ^:^j4r>r ij-/ ^>.JJl 






^0 



v^-j ^^>]lj ^^1 ^ JS- 4 j^^JOiJl ^UUl *.V>* Ujd ^1 JsUll 4^S Jbo 
i^jX.» -J j^l .-dyu L. ajuj\\ ^ULxJI ^V>a J5Li JiSj .>L1JI ^Ij t^jlj-lJl ^jjiJiJI 

IS[j . aJLLI jl^l i^ c-^^. JU-Ji ^ oJljJ! 4i>l^ iijX. ^ A U ^ a;^ j^^j^ 
t^Lp ^IjJl j^l jt Jl ^^ dl 1;.i.Ut..V tia^ p^fjjh JUpI j^>i\ uyn '^-J^' 
US' ti-jSCUJl t^^pcJl ^ l.JLl^ ijy aLJ JLf-i c4^^l ^*yj> aJ ^U j^JJl jjiJI 
IJl* 5^-sa» oJ JjiJi /».jU:...> US' . dJULflil jJLp c-»UU4 f-I jj «^l^l ^ ^-J^ ^^«i*^ .)i^.t 

^j c^lp tiJiiJi j^i J^ ^y\^ c^lp t^ibUi 0^1 ^ Li; ^iii c^_,^diJi jUi 

^^1 d^^ UuJ J-H^ly <isa .yip ^1^1 j^l ^ >UJI ^1 JUpt ^ <;rjl 
^_,>.-ijiJl ^,jlJI ^^ JUpI jUlpVI uyu, Uii^I L. \l\ tjJL^ ,_^jUJIj ^Lp ^j-^U-1 
((.\otr) ^UijJl x^ ^>^ jj-^ 'Ljy^\ iL^JI L->liSj cclL ^I 1^- t(f\iVO 

cA-SaiJl cl^UobU ^^^1 ^IJJI JSLl. 01^ oll::S3l ^ ^^1 IJL* jl U^ lilj 

JLJUj>cS iU JUp! jL tftJlA jlaJl if>-j jj^ tjt-Uj 61 \lSj»a t.jLS' t5^U"l jjxll JL>o 
CJIS t jUli-l 2H>^1 <jllS ^ L^j-sos^ ijJifi' ^J^\^\ dj^\ ^y ^J^^\ ^ji^Jl ^^ ^, 
^jjljjtl JU-pt JJL. JU^l ^ JLC JLi jlS' ^Ul j^.JLiJl JLUjJI Jl 6^j-P JSC-U 

Ji- t^U j_^:>UJlj jJLp j^r^'^i o^j^* J^ bj^ (ji-J^I <1>J>'^' aUUJI UI 
cidjUJI JU^bU oLp-jj-i ajIiS* tjJL-j US c/.-f2:U Jp I^L?^ JiSJ i^^JL^-^l Jp ^t 
r-jJJ Ol ,;^. 4^1 SJbJJrl JUpVi ^y i^ ^"VjA 2^^ Ij .L^U- ^^1 JUp^j 
^\>.aJLi-l ^J^>Ju^ Ji-a ^^^-^yi fUUJI ,j^ JUpI L-1 . dUL? jt l^jA\ flJuh ^b: ^y 
^jjb Jp U^ ./?:<! lilj .^MjlijI (^j:...4 Jp Lb- cJlS Lfili c^_,>»-ijllLl 4->«iiJl iUfllj 

<Jlp ^ ^,,y^^ ^^ -^ J^--*' ^ <^ly <^jJla t-iAfi- JUpI 01 t(Jj UJ tui~^ 
c-^yJl ^ U»j-,.a^ i,U^^\ aJ^\ ^j^\ ^}^, W c^ If I Ji t^L^I dUUJl 
. \^,Jl; ^^yJ^\ dJLUJl JLpIj* O-jI ^1 j_^ j^jVl Jp dj$^ JSj . t>^!^l 

oJUJii-l i*-jjdl ol* JUpI l4J>>- «^j>>i^ J^\ JjUll JsfliJl 11* ^y ^y^^ 



^n 



^U^Vlj (^^^la-j^ll ^jjUla^ cjjli^ ^> Sijl^l iLJLkJl ii^AiVl olij* c.;..^u 
Jjbc iliCJL. (r) 45ykj3lj ^jlkp ^ cJl^lj J^ aKJlm (T) cSliUil ilSCL. (\) 

JS'lw" 4^L2Jl ftJlfc jjp >^tf^ ..laj jl ^^>-^^ . (J***?^' lfsa. » o t5>»4 ^j^ C'UJ* (>«-^ 
Oj^l JtAp- If*^ jtJ ^1 UliiAl ^\yi\ t5JL>- J^llj ^^rr^' ^M ^^ '^^ L^^^ 
OwJl Jl t^y cT^b (>d>^^^ JX-^* /♦— Lill j^ jujJl i»j-jll i*JUJl5" tSj^Ldl 

: JWl ^1 Jp ^.>.S/I t^lj > ^ii^- ciJLUJl pip ^ s^jl^l oVl^)fU 

.^^jdl ciilii J^l j! j^Jil ^j\^\ vilUll J^t UjuipI U is] 4 J4- JSCio 

cJj--jai IJla Ol ui^ ^y ililxj ^^il L«::^>»- i^j ^ ^ :.il (1)^^" Ujulp J>l^l 

LjiS"^ j_^ vl.^ UjlJLi ^ iLliil i^JLl ^ ^j..» M.ii dj^ Ujlp IiJU LiU- OjSCj 
.j-w5Jl jjbj (v-sr*^! ^L5 ^^^ p\jj <*>a^ dj^ j--^*JLJI jL pJUl ^ tip^^ ^^ 
J-^! y^ UjuipI li^i . JjVl Jl5Li>l Ji- sLdl iL^ Uj Jl5LiVl IJu J^ ^^^ 
dUUlt Jp dj^ L«JLip Uj>»^ j^w*! jJJ j_^..«JLII 6l jj-^ J^— e j^^l rj^\ ^iiUJl 
.Ly ^Sfl .>Ll J U-^ ^b iij*i jiS^fl *>Ul ^ ^>l gyl^i 

^j i<^\jSX oUjLm.MIj ^^^Ij *J>ijJl olyblk} jXjcj <iJUtJI JIXJL>1 
J.>^. jt j^ iLjJ Laj .t-^S"!^! ol5'^ o^j^^ ^lk::Vl ^ ^LiJ olyblii 



. ydi u^i uiai >;i o-^i i^^i^j j^mi ^i^j j^i^ ^^ (^) 



olykUiJl dUL- JJLxJ ol -Lik-.!^ ^>T...; i^JUl ^^jlJI cilU J-^t ^^ Jl5Li)fl IJu 
f^l^bU v"JJ^< cj\Sj^\ OL ajLUl oLJl ..i^iULl ^ clLli ^jUi. jl Oj3 ci.^Ul 

4c-^l^l ii!Ail cj\l^ ^ ^ ^jf^j ,j^\ JJL«> JlSLil SL-Jil oUJl ilSLlll j^h 
J^J^ <J-P" ^>^*-^ j-*-iaJl 'Sj>- dj^ <»i*r»- j-^' iJ^l iL> ^y (j.^L>- J^-^ J^*^J 

. j-y.1 ciiuji /^ j^ ^j ^jSfi 

o»-jjj-4» /•— L ^jJl «-ij-«J» - <t-^ljj ^^j--* ^1jl>wL»-*I JlX-i)/l IJL* Jj>- >-. IUt jJj 
«,, >• Ui-JI ^1^1 y^lo; jLUil :i5^^ cr* ^J-> ^ >• JliCji^l IJU ^^^ JUL* 



• Wl ^^-^J «/J< ol^liJVlj JjlJ-l ^J»j J^Uil ftJU v^I ^-UL- 



^A 



OU^I f^lil Ji ^'^^jJjJ^l d\Sj .y^jdl .ULU J-^lj ;^>l jrjliUl aUJI J-^t l^j 




(\.T)^j^]^ill\ 



ABCD >^JlI ^jUUl ,ULU)1 Jp il^,;>*i: ^..*.MI Ot jj-^ d\ j^i^^ -gy-^' 
^ 6j^ Ujl:;^ ^j-^ l^>^ ^*^J u^j^' J^ /•-5L2JI JU^IjJL) jJUJ vl*^*w ojJl^^ 
JpVI ^-^i ^ D^" Ujllp *Ja^j i^JlI ^jU^l cULLUl ^ BCD Ji^Vl «-a,/i-il 
L^j^ cjL^y ol (>^wj - A ^jSfl ^ilaiJ J^ ^j UjlJI t^lPj— jJL; ^^Ijj - DAB 



Otto Neugebauer, «The Equivalence of Eccentric and Epicyclic Motion According to (Y) 
Apollonius,» Scripta Mathematica, vol 24 (19S9), pp. 5 - 21, 

Otto Neugebauer» Astronomy and History: Selected Essays (New York: : ^_i aj— !LJ \ ^ p\ jlJ j 
Springer - Veriag. "1983). pp. 335 - 351. 



^^ 



t^') sy^l J'^J ^UJlI tU^L E 6j^^ ^^^- ^iiii Jp t^^ l^l^j ^J15L. J^ 

Yjuam j\ iji^ .^LUii oU^i iLA v^ ti-J^'j J^^> c> Oh^' r<-^' *^^ 
Sy'b Jp -L-i; E y^jdl iiULi j^^ ii^p^^ Uiji . ^^\« Jljilu ol^l iUll 6l^^l j_^*-jj 

tjJLilU ;^Lw. ;^^po (JXjJI ^ jJaidl JaiLb i'j-J^I SylJ^I <yfcj) j^J-\ iiilj^ 
4 V^l ilLLl ^ v^LJI :l5'>I 0^- IJLSoij .^^JuJl cULU ;^> "i.UVl ^ Likit 
jil5cJ c-is^j J-^I Jl .^S-JLI ^jliLl uiULiil J-^I ^ ;^LII aSjJ^\ ^ i^L 4^ 

i^^L^SlI fr^^iLlI *^ UaSLJ j* ..rtT.T ^..ft .tJl i^jj*- (1)1 ^/i ..rt -^1 ^^-jJ jJLj jJ 

u cU^Ji jLiii ;J^^^\ ik*-i^ c;^>i oJL^ ^^^-^ ^^ jl VI .ityJii ;^^ 

J-^t ^ aJ J.LL. Aj^i cjS-Jll jyliLl cULUIl J-^I v,.--^ x^l^l 01^ I^.IA^ ;^JlI iJu 

t^I ^\j* J^p- «^JL^ ij^^L-^ olS"^ JA aSj^S <^y C^'H J-i^J 'jD'^^ •■^ 

. 4^L.Sfl ^(_^iLJU m\jA Jl^Jlj j^^^ 

tt^I^I ^ ^ ajI^ iJb J^ c:^>y JLwj t^li.uUI ^ L-^li-l ;JUil ^y CJ..V1 JA 

Ptolemy, Ptolemy's Almagest, translated and : ^1 i ^- iSLidl JsLJilj iS"^! Dljil ^i-^_^ (t) 
annotated by G. J. Toomer (New York: Springer - Verlag, 1984), pp. 20 and 221, 

(^y <> Ji>^l '^ (^^ ^^J t«L.jJ» 1^1 Jp ;^^l •!* IjA^j JUu ^yJl OjjSCUil L.1 . ^^j^\ 
... ^1 . . . jll,^lj ^IjJlj jjiJij JJ-l^ .i»Uljo- Jl5Lil j> ^jj\ vULli jlJL. Jp i;5KJl c-^l^l 
Ui ..-»>ll Jl t3^l ^ ^y^ J^ SJb^lj Sjj^ l^K jjJbj tJyLil ^1 Jy Jl_^l IJU Jp ^- l^lj 
l^sr ^ l)jSo Ujlp i^/J' l^yfi^ <---JIj ^USfl j>J t^l iLiJLi i^^l j^ j^Jl ^Ul U5b J*J-I 015^ 
Jp» c„,,.,. dUJLU i^^J^' '-J^ ^ ci..^.U> ^^1 M-l cr^ LT* M-*! ^^* O^J -tH-' j>-^ J^^' 

iJUk ^ *JLiiI-J 0_^ .Jj-lll y^ ^y^ o* ^^ ^^t ^_^>^Jj ^Ji^ \^\^\ Cj\Sy <f»- Ls^t ^j 
.Ijljdl cJtAi- Jplj «Jljdl Jpl (|! ti*jJLiil OyJl ^_^l jy ijj U^ iJUfc '*S^\ ^"jUw*! J^l 



\« 



(i) 






I 
§1 




(t _ r) j,jj ^^\ 

.A :a^L aJI jLdl J-U-l *ilUJl jyt W^ J-^j t|l^l /^ J^ (i'>Jl *-*^ J! 
SOA jbijl^l ^- ^l.->o tF 6/^ J^ JUJil *l^VL jjJLi ^--^ J^LLI ^lUJ! L.I 
oVl^l ^ ^IjJl JlSC^Vl ^\j J5lli cl^Jbt liiUj .^l^cLLiuj ui::ijLjL4 iSOCj 

*^.r^ jjJLi -L-^* j^l L.I . JI>Jl oUl jjJb 4L ^^1 J-tw4 t^JUl jijJd\ dJLU ^^ 

^ ^jli-i iai^l J^ oJl> JI^I cJ^^ ASy>^ ^^UJj . Jl^l ^!)U Jl ft^^JJ ciJULi 

_ ^UJi j^y ji v-^L F ;k5JJ Ijai iLUli siiUii ^ka; sL^i zkui ^^j _ n ika; 



Viggo M. Petersen, «The Three Lunar Models of Ptolemy ,» Centaurus, vol. : '^KL» ^1 (1) 
14, no. 1 (1969), pp. 142 - 171; Olaf Pedersen, A Survey of the Almagest, Acta Historica 
Scientiarum Naturalium ct Medicinalium; 30 (Odense: Odense Universitetsforlag, 1974), pp. 167 - 
195, and Otto Neugebauer, A History of Ancient Mathematical Astronomy, Studies in the History of 
Mathematics and Physical Sciences; 1, 3 vols. (New York: Springer - Veriag, 1975), pp. 68 ff. 



^M 



SliUJl JLOI Jt (^Jjj liT cL^ J|JLL|I j.^1 aS'^p^ 4^^ ^'^ ^J ^^ ^ri^ '^^ai' 

u^lj^ ^ i^^j-* <Jj^ hy-*^ ^j>H -iit^uVi flJu iij^ci; jl jujj>.i^ t(ii«.vi>») 

015^ Ijl^ j^^ ji ^JU<aJ V iS'^p^j:^! i»UJ Jl ij^L Iri^^p- j_^'^ jl j5 tiJ'^' 

. I4JI c.tf../>t ^1 o!^ J^l Ji-j 4 vJUaJl 

Sy.j>JI u^^j {^J\^ ^jJX\j yj) LJUJI .^1^1 oir^ . r 

4(r - r) ^j jxjlji ^^ ^ ^ ju»i^i ^j^k. : yui ^^ljJi j^»-^- ^j .^i 




Jp .y^juj y^JLLJI cULli J^ tiiJI J^bUl .UUliU l>^ T ^lUl ^>-j .O fUJl > 

p ^j^\ il^^^ .c ./^ J^ Ji>Ji > jj^, AJi» cA-i; y^^i ciLii U . jijiii 

. ^j^\ <^l^ <^r*-^' Stjii^ ^^ \y-^ *^j^ uF*J ' V->-^' '■^ ^>^ 4*-^' <^l 

^ UJLiu 0>SC cl->o tOTA ^1>L jlll ia^l Jp ^- ^i cE ;kiJl _pJ L-»^^lj 
.O ^UJi j^^ ^y> >bll ciJdUil ^^" Jb^ tT J.UI .ULUJl /^ 







^ 






^•r 



<l)i ^Utfli*^! lulls' ^ o^T^^ (^^1 j^j^4^llat c)li li^j . ^r:^! J JLiut <lali ^^^a.^ 

^ jy^i cji^ U5 jL^ij ,>-.^ 0- SiJb oi.^...^^ -jijii <■■■...•.> ois" ij 4v_^i^i 

120 jlJLiw ^j'^\ ikiJ ^>P Ufri^ SJLr^lj J5 J^- <lw^ J^IJlL jUl \a^\ Jl v-^^ 

.^1 ybj^ cUULL L^^ SUU ISOi Ui - T) ^j J5LsJl c^..-^ i Ji^Lj i^'^JUl 
dUUJi ^jl 4^ ii^ .l.^H>-! 'B ^Jll J^^ JljJl ui!:>U Jp iiy>^. ^l o^j^j 
jjJb <-^ J^U-I ciLUIl d\j tBG iaji-1 ilJi^l Jp ^ ^jVl IJU jl ^>iJ -J^^' 
AEC ijjlj Jxii vl*->c. tC ^^Jdl clLii 3^^ **^ J^j tG oj^^ J^ J1>JI tUl 
iC t'^y J^ Jljill dl^L Uit yk jj JLi y^jdl viUi Ui .ABO V,!^ Lib 'iij^^ 
.EC iuti 3la:ui ^ \jrjCku\ ^\ju ^1 i^UL! o^^ ^ cM c-^jiCJl -m^ ii^j 
_ ^ ^ .. A-J -l ^, jl (^t _ jj^jSfl ^y c-J^ ol (>' C y^^\ ^iiii jS'j^ ^^^^^ L. Ilfcj 
-L»-ji 240 Jj ;;rj^ 120 J a^jU* ABO ^^jl^l b^ Uji:lp ciUSj iSjji JS" ^ ^y 
^Ja^^\ l^\^\ <ij\j \xj> i^^j . E iliiJL GC Jai-I ^^^ ijdU-l ^U ^j . L^ 
^iLjk ^ ^^i Jjbc* Xka: jj3 c--uJj E iJaJiJi Jli tEC Jaitl ilJii^l ^ Lsb j^ 
.LJUl ^w^ljS^l oltjA ^y 4:la1 tJ-JJI jj-^1 i^Lc ybj i^jliap v^j^ 



Ptolemy, Ibid., pp. 444 - 445, and :^l i^^lu-aJll ^l:;^ ^ :>jU*p *i^ ^-^^ u^j^ ^^^ 
Claudius Ptolemaues, L'AImageste, traduction fran^aise par N. Halma (Paris: [s. n.], 1813 
1816), reimprim6 (Paris: Hermann, 1927), tome 1, pp. 160 - 162. 



^•l 




(i,r)^j jcui 



^^ UIjIj ^1 diiiJ i^LLi jS'LiL* jft.^:T ijQap iL* jl ry^y. j4^, li^j 

ju.bLi ciUiii 'ii^.^^. ^ij tL> ;^^i is^\ S^ i^lJ .LUii v^i^ij ^i ^^ 

t\Sjjt (Jj->- A-fc—aJ jjk jj |j>Lu| L^JLj^ caJ^ Jl j^**^ J^J^ ^J^ ^uy*^ ^^H ^* ^^J! 

^ LLL^ L^lJL^^I ^- ^1 iiLU Uli ;^L1. yVl 6JLjh ol . Jjiall 6l4^NL *. ^liLl 
;4.Llll ilkiJI 0^- Lw 4N ;5^l SliUJil iiaij jlll Ltl ilOL.! ^ ^1 :DU. J 

A--JtJl C-jUJI j*-il JjL«j« ^y jj^ c-...w.1jj tOB Joil-I <.,tf^?U ^y ililj ijlkp i:jA ^ 

.ijUap iJU- j_^ E ^^*«il JjLjct iWiij tj^l iJU- ^y lull ySjA ^ (-(jj^^ *^ 

. ijLkp cULUJ ^^jjiftiU) <I-Jb J^p- LsOjI O^l ^1 LjJU^ j^k - ^«— i! JJL*-* ^^^^^ 



^•o 



frjJL' ^"^ cT^J -jW^^*^' <jy*-i "^^i "^^ v^ Ujllpj iOL^Vl ^j^.» ^_^ ^^ J 4-L4 

.AjlJb Jii-^ J-^ ^y ^^ '^ ^J^J *cJj^' 
^y <^\^\ su\Sj>- sJuf>^ Uhit oILa «^^ ^fa...»ill c-^ll^ ^ Oijj JLi3 

.IfJ Jbljdt JLiUlJI (^jIm^ 

J^ Lili JL^I^I j^j t^jjJI viJLlJ jJi^ Jl 4....:Jlj CobJl ^^1 jlx. 2^^ Jr* 
i**«jJL ^j»,% M.li Jj^ v--»L»>«j |JL>- lf*--i j-*a)1 <j.^j^ c-^L-*^ <l)%*ir 4^jJl «2JLU jS'j^ 

.jl^Jl JjLiw. ^x^ Jl 

^y V^y j-J^ '^J^' *-^ Uk:^ Jl i«-Jl} IijIj j^I jIjl« t^Lmi ^ djlS" lij 
iJlAj . ol:>-ji j^y-J^ J^*" ^-^' >* /^ti -^ j-fciU (^^*.A3 al (j^y^3l O^i t ^^Wj-^ (.r*^ 

JuiUj <jl5'j jJLo Jj trj^' iJaJol^i ^J^ ifju^ t)l^ ^ tx^^' *"^ Jl ^'"^ J-^ *^ 
j_^ *i; a....,.»AH oUj-*5CJI jl cUUS Jl Li-^I ISlj . Ukll aJUfc J_p- ^T Jl l)IX« y^ 
jjU^ jI-U jy^Aa-.- 4];^ «i»l2lll Ja^ jl 9^Z^ k-rjj^\ W)a\^ ^ AiJbJt ^j^L«i t_,i Lajl 
ISI VI JJJL^ jl jiU-i N lJL*j . jAii^ Uajl J-* t J-^JLA*Ji i»^ t^i 'rjj-J* Uk^j 

LsA.1 ^jb L^ Uy.jbj ^j^\ jju^\ ii*^! ^,.»>.> kj4 Suu l5:iii iiii* jl Uj^s^ 

dLUil» J-LiJl cilLiJl IJub ^_,-i-^^ .^j-JLk ^ywu .,, ^ yJi^l J^U-I .iJLUJl ^uk^. 

^^'jJ^ fj=^' c/ tP^^ ^*^ ci'>>H '^j>^. «j' N <>^^ '*j^j^^ •^J^* j' ^«Ji^i 

.Jl^JIci^Jp 



\»n 



J?^"J '(>y^ y^ ^-^ '^r-i ti-J^'j '•^^^^ cr^ ^-r>^. li-^' *<>*^'* ^^^' (^^ 
is^U-l a:;^^^ i3^^>^. ^|iJl «J>U-l» ciUiJl (r) 4 J^LLl dlLiJl Uiai* jJa^ Jp 4,;ak.. 

Jp Jj^jt fljjJb yfcj aJIS ^1 J-ji t^JJl «^^JLiJl» dUi (i) l^tj t Jl_^l ol^L 

2[^^1 ijP-U ^ iL^Jl oJl* ^ "^ oUI^Nl ftJUb ^ . J^l ^ ^1 ;^^ JJU: 
i^^^ V^y lT^^J cci^lJUL iJL^I ftJLfJ 4-^jjJll iJ'iLiVl ^j>- OV i^j-Jl ^_^ 

J. c^Ul ^^ ^.^ CJ15 ^1 ^^}i\^, j£ V ilJU ^j^^ y. US' 4^l^l 

.ii 6jJLi LU SU gy^l <5.k:.. Jl v-^^ ^'^ (^>^" cr* ^^^ - ^'^ r*-> <>^l) 
tL^J liA (T'j^l <lUi« ^bJo^j J^^^ iiLUJl <ikL* tcIl^ j^ fli»liiJl J&>- ^^^A....,^ 

^ JLpU<» jJfcj ^riJ"'^' ""^^ W^ j-^ t>^^ -^^^ '"^ ^*-^*^ i^* '"'j • (je^*-2jJl ia>«j 

dUU J^ UfrJ 5>U1 ;i*iJl ^^^-•--Jj t«^l^l» jl «{^>kJl :LkIJ» JUJJI Jl ^yJ:\ 

Ja^ Jp L|^>^ JL^I^I }Sy ^ ^j\JA Jaitlj . «c-JJLJl» jt « c-^Jj^^ ^^^»^* ^.-^^^ 
H^ ^ J.btl ciiUJl iajit ^ ^Lio UJUp J^UI ^iiJUJU LLJI l4^\ JJL4 i^-JLi*Jl 
ciLUJi Ja-5t ^ 2:1,11;^ Ujlp J-Url dLiaJ JiJi H+' ^^J 'N ^LkUl Jp JUJJI 

^jVl jlli JaiUi ^ ^u J5:Li. Jajti 11* cOJLuij .s ;ki; Jp *-»yJLi ;l^ j j^lli 

ikii. Mj J-.U-1 clili 3^j^ ^^. Vj lO ^JJ^\ dlij 3^^^ iOi ^^, -bV u^r^'j 



>»v 




(0 _ t) ^j J^( 

^ ^- V tj^l iLjb ci^ cLLJl v--^l^l yjs; iitjUt jUli4 ^^ j^j 

fiJuh 01 Jj coliJl Jjkll ;^^ jUpI jup U»j>« d\S U5 t J^bLl dULill idiaL. ^^ 

LiJULp JUJLJI fljL>- ^_,-^l aIjjj c«tiljj»*iVl» LmojI J-ll IJla 4_^.«— -JJ .i2 aj-ii J--^ 
jjb cL>Jr ,^1 iJb- ^. iiUJL^j . J^ai ciULiJI us Jl ^^aJl ciUi ^^ J-^^ 
JJUUJI ^ Jl y^jdl diii ;^j^ J-^^ L.JULP 4 JUJJI ^^Vl jlJ-I ^ ii^l jjipl 

a2^ ^k-- jU-i *ii t^JJl J-y-l clULill iikj. «k^ j^ d\ j> kiJUS <.-*w-j . J«bUl 
t JU<»1^I Jl cjyl 6j^ Li>^' /•— ^l 01 ;,,^ '"Iaj . (^>^1 /.— ^1 ^ j-S'l rjj-J^ 

4 2ln;* ^Ja-^ ^_y ^^Ju t^JLiiJl Ji*- Jp ,;iJ**^l «^iAJli j5'j^ 0>^ UXiP t>^J 

.^d./in OiiiijL^ y^-^^ <^^ cJlj^lj J.U-1 (IIUJI J-^ bjlj 
cRNT jjb j^ dy>- 2^j^ ,yiJ-^^ ^iJLJLi Ukl4 juk^ ^^^ ill clJUi J-,<>1j- 

aJliJi ^UUil ^ jliJi J-^l ^y t^^^l «1a JJUd ^j..>,Ua^ ^^1 JL»j .iL-l^jL* 
cjijjdl ciJUUJ Pi »jtdl ^1 ^y^ Jl ^j^ ^Ji\^ AiU»l t^h.uUI ^ ijls' 
t^^^-^Sfl cilj>»iVl <_^jiJ IjjL-^ jjJi^^JwaJl ^^yljJl j^ J5" jJLj ^>.a.srtJ Oj^ '^^-r^ 

. 41^ cJI^^Nl ^Uj (^j13I J^U-I iikLi «Ia-. Jp U^j.*p ^j\j1\ ^U ^^L-* l)^j 



>*A 



ciLULI ^^1 JUJJI j,--JiJl Jp ^^jdl li^y- Aj>i*J t^JJl KiJj}\ d\ j^ . ^yjLvflJl 

i|jL^ j^rrl^^JwiJl <>fyiJJl t^J^l J* jioj^\ *-*^ -iS"^ 5JL. cJlS" Ulj . J>«U-1 ciiLiil 

^^**«ui Jjbc« Ifl 0^>^ Oi '^j-iSj-jj tJbjjii Ajj1«*4 aS'j:>- O*— J SjJwaJl SjjIjJI Jp jiJ-J^i 
. Ajjj^ Aj^^L-^ ''^y^, ^J^ jU"^^ *^y JJ"^ jy-^ Jjjc« iillA ul^ Ui" c l^- ^J^^ 

j^\ J^^ Vj» : J^ SI JLJaxiJl iiU ^ JJ-I cUUi j^^ *yl 41- cJlliij IjJip ^(^jUll 
j^ j_^ L- Jl aJauS Lis Uji ft^ Ja^ jL i4pyj j-«»p l^4;.M Uj Jj-^Sf1 oJLa oI 
^_^it-:j jj-J AJl «iJDij .Lfr^^j J— ^j U^>*-^J ocLvoJl t^jilaJj iLi-Li Jlp^ ^I P-LJiVl 
J!>U iJL. lift U ^^^>^^ Jl JLsoJL (jl "^j <^y\ j^VIj Aj^V' j>*^' J^ Lr*^. ^' 

. J^l JSLiu ijU^l 4^>l Jlw ajSI ix2i JJ^I ciJUS JJ; Ail JlS-jJ aJ^ 
^^ o^ cr^'j '•^^ Jj^-j^' C^' Jl^)fl ^j-^^ ^ olJUL ;l24Jl fiJubj 

ji t Jit jiCjtu cj^! ^2^^ . jisL:)li \h^ y ^ ^^ ^^j^\ ^j^>'»-! '^^"^ 

jt ttJUS J_tf^ ij . Ojjojjb tji^j^ Ajjm-jJLS' 4.» ^ L l .,^4 <5jj»- J^ Jj-„a>JJ \JLp-V 

/b.U j^^ M ^^oillj Ju.bLl ciLUJl Jl^ oI iS^ Sy.^1 c^^ ^Llb^ ^ 'c;>>^j 
Ot l^lj . ^j^l dlU jS'j^ j^. jyt J^ LUJI s^\^\ y^lJb- iitiUi^ j^A J^ 
iJl^j t JjSlI jj^l J-P c^-^J-*-^ J>^ <J>>- ^-^' 7*^J^ ^riJ-^' ^^^ \a\^\» ^Ja— - 



:JU1I 4(ViVo ^Ul t<^lki^l ^i»-:il tc^L*. eP^I ii--J ta.>;t) ^^k-»Jll t^j.>JL^ (1) 



\*\ 



dliiJl ("I _ r) ^j J^iiJ\ JU^L- Uti cSy^^l c^^ iLA Jp SflL. Jx-j ,>3j 
dUUJi «k- JjujmJj tio UjOi ajjI^ rj^^ ^^^^ j^ t^- '^^ i^j^l r->^' J^^' 
j^^ J^ JL^IjJl ^15-^ jlil ^^JLiJl Jxp- J^ £j^l dLU Ukj. jtk^ Aih ^y\M\ 

io J-U-l aiiill J-> 0>L iU^I -JUb ^ .^1 il"^] ILJ^ ^j LUI ^^1^1 iLjfc 
UJlLp ^J^I <llal4 yJa^ ^J^ J^^l ^tfU:.* 9cii^ J.U;^ *^--^^. ^jU^^ *-^^ ^j^ 

y^jdl .UULi jUi;! ^.U:! ^LiIL Jil Iju ^i JUu . J^Utl ^jl Jl ^^Jdl dJUU J^. 

U^ rjj^' <ik^ «ia-^ Jp JLiaJNl Jl iyu d\ Jl t«^Ul SJLip Jl J^U-I rjl <>• 




J^ IjLj t J--U-1 ^jM^ ftl^l^ ^^\ ftJ^ Ija y^xi\ «iii» ^j>^, L-JL^ ^^ 
^^Jdl dUi ftij^ ^j . ^yuJl:^\ Jl jij^l «iili J-^ UjUp io c5j-^l ^^ (^^' 




<1)^^5C L*jllp ( ^jj-J' iilai* tkJa^ ^J> U.U.;.* <1)j^ J^^' ^SW;* «tLu^ Ol ^jj.4fclW» 

y. COD i^u .(V . r) jjj jiLUi ^ t5^ U5 'y^j^Jr' o-'j <> ^^-^^ ^^^^ 

r-j^l <iku ^tk— ^^ *i»Uill Ja^ ^j . frl^Vt a5'^p- 4j^p- A-:; t^JlII JjVt j_p*ll 

jl S aJm^^ tH jl R jijJllJl rj' jjri Ju^ t^JLil iaitl ^y gibJl ^S^y^\ «Ia^lj 

^ cil^'yi ;^^ -J^ ^- ;^JlJI jliJI jj>Jl1 L.I .£j^l cilli j^^ ^;;-ij if^)S tE 
j^^ ^. t^-iJij c JjSfl j^l Jp ti^j^l (ii-.jSfl >iJI y^j) NCI jt KDL Ja)Ul 

. C jl D ^^ JiiJl diii 

4 KDL ii^j^l y^Jdl ^ jJa:j 'y^j>J^< o^j J^ ^riJ"^' ^^ <^^ ^'J^ 

t^jVl jj»*J i^^Lj ^KJ-^' ^^ ^-V- ^-J^^j .olJLJL ^jJl tiUi ^ ii (^j,/i2tl 
Ijuj Ul - V) jjj JXjJI ^ ^ jjt L^ JUJJI j^ J^U-l Uki^" jJi-- iJ^p^^ 
J-H^ Ujl^ yLfliI aJlj jl Jl ii (_^j-^l oU ^ j^^LdL jjj-u3I JAii ?cJa-^ <j\^\ 



\\\ 



tio ^ ^_^l oU J^U-I iik^ ^k^ J-^ ^ '^j^l Jl jij-^l t^ J^ L.JUP 
^1 ^I^VI ^iU J JUJJI ^ aJ^' ^^^^4^ ^j^ ^^-ev >^^* ^iJ^ ^^ t^j4u 

. J^y.1 aJal- jJa^ Jp JaiLl dUi jJaLj Oi:j5>l ^.^i^j 

ijju t(v _ r) jj5j j^AJi ^ u^ 'y^J^' v^i >>»^ jdj^' ^^ ^,7>«=i L.JLPJ 

4jU> ^^JlJI Aikl* ?«iu-< iJLjj Ujlj *'^Jj^\ iilol* ^Jia-^ Jp J.U'.,.! A^U-I 42U'.« ^tk-i* 

_ r) j^j JSLiJl J Ur c J^ULl ^A>.;>^ ^ jijJd\ .ULU i]^,:>o Ujllp ^j 
5^Ja— » L»l .io ^y^j *^' 4aJUJ1JI 4IjU- ^ 4.,^^.^»- J-j> 7*r^ J^^' J^ ^'i^ ^•(^ 
j.>J (^j.,r»2]| Aj^U- i-jjJLll Ai-jj*- frljjJl aJLJ /«-s^^I clUi (_^ (Sy^ jiJ^^ «-^^ 
. J^LLl jyl ^ ^^jlJI clUi jl5 Ujllp JU-I oJl^ L*5 L.Li cij ^j Vl cjL^-SJl 



Lf**^ ^ <s\j>*^\j ^^JlJI *iJUL3 i^i^lj J-*U-I J-> jLi c^jLkp aJU- ^^ Ul 
(_5JL>.1 ^ jjjJ^I <^j^ L.JL1P . SybjJl aJU- ^ jtJLJ ^1 i^JLLJ iL-^Lfc^ oULj^L 

^...^wllj tLjjJj^ "j^J^' <-ilj^l dj^ ^^*^ yU-Ji .^jLlaP uil^^xJl jj^ tj^JLixJl 

Jj;a ilu UJlIP i<^j:J^\ AlAi- ^ O^^ -^J^^ J^^ J^ *^l* ' TJ^' c5* ' 7^^^"*^^ 

j^ iJ^^ ^jVl ^y L^^ ijlkp *-ljiJl Oj^;. ciUJl^j .iJUJLJl 41.U Sybjjl J^U 
J^ ol SI caJ llh> Ul^l oJSLi Ji Ji-JI c-^ljiUl :0U ^ ^I^Nlj J^\j>JH\j 

c^^lP ^li . o^JLaiII jjjIjIijI jUail 9c>-jlli tcj*^ <U^l>- IjJk^ y^J^ c^^Ua'J l^JJo oJl^-lj 

jXw Uajj Laj . iJjVl cLLUII jJLp Jj-/»V i-^lL. l^t oLl^I ciikj ^;>Ji^ Oi Oil 
ol Sijudl jjUJll ciU; .^ljl»l M^ 7«-*— J JUi J^llj «j^^^l o-jij^» ^lJL^*i-^l 

AJ^ t LjIj US'j . (j.i*yJl ^y c^l^^l Cj\Sj^ ^jjjilaj 4j^ jUal^L ^ • JLa 

Jl o,r.:.»* cJLi" L,;! ^ ^j^^. ^^ cSjujip JLi-L. L^JU Jl^-^j jl J4-JI j^ o\S 



^^t 



^[j UiU aJ] \JjJt\ (^JJl jjh (.Cj\jjZA\ a^ ^^J iCj\l^\ aJjb A^ ^t^ (1)15* (_^iJ| 

j:]\ i^U-Jl ol^^l j^^.-^ ^r>^jt^ ^\Sj>- J^ o-^a^ (iJJij c^LJl JliCiNi 
ol5^^:>*^ ij^^jLJl oLTjJ-l «Ju Jm jiCi ISIj . i.^b LfK Oj^ Ol <_o^ Dl^ 

.•^^-> j^pJ IIaj ti^ji-ji ip^^ .«A;>-ji^l» Uyb i3^p«:J «^-i^ ^J'^' olS*^! 
^S J':A>. ivi^l^^l c^jjk: JJj .^^ t^:»U-l 6jiJl i}'^ t^ L. u--^ t^;^- 

jUj Jjdil) j^l ^^C eT'Jt^ "^ ^^"^ Lmj^ d\S (5JlJI JjVi ol^Vl Jlr oiJ 

^\::S "jl bUi^l t uiy*: ^j ". 6Vl J^ ^ J^^ !• t^Il! ^^^[^j-U^\>] ^IjJi-VI 
I^JLaj Jl> ci&Ii c^lj^ii ^j^j;ft lUt ^^ ijj^^a^ j^ i JLlJl <,.L P (1)1 (/•.iLMfJl ^1 

(Jj\ji\ jiCj j-»I v>--JaJl <j>^\ (^JLII ^^Jil jj-ui; *^ oUJjil j-« f^l IJLft (1)1 JjJaJl 
6>iil) ^yJL>. -iJ JLii:j j^JL^Jl j^^l t-jli50 t^LiL4 LliS" cJJl t^JJl (^HYo iL>. J^l) 



.(^'\v^ t»^i > :u»-k. uykiui) j_^ju j^Ul ^^JUa; i(^i*^i 

^1 jJU t^JJl «4:^l wil:^ :»I»L--j j_,^-JlI AjI:^ J^i- ^y *j^\ J_^4>il v-iJjll IJla oy»: y>^ (A) 

U ^ aILj::^ i^tiJjJ ^Ji; *^j^j ((j^i i^jJl) 4JUt*JI ^U-l tsSi* ^ S^^j a>*^ ^ ^j^ 



S\T 



JLioj . <JLp ^y U^^' ii>^ c^' #'t5iLll /•JL4JI j^l I4J o^j^ i^JJiuj u-^llSOl iJLj 

^ ^^L; l^ ^^ ^\j ,^^ JXJL. U^^-^^- jX*^ V ^yJl (ii^^X^I) J^L-Il 

^ i-^Ldl LLaaJU ^y^^ L^ JL>-lj JS" t i*— *3j ^L-il ii^ Jl t->li^l /•— Jiij 

;jL^ ^j c jjSfl :LJUli ^ ijJUl j.uaiJl ;JL^ ^^k--*Jil ^y ^j\^\ ^j^ L^j 
tjiSfl c-.^ ^,..,t.)l 0^' L.JL1P jJlI ^^^..-^-iJl >i Ol ^Sj .,^;-^-iJLS ^>l Jk^\ 

j^JL^Jl ^1 ^ t.-^l-u Ljhj . frU-Jl i^^j ^y Oj^ LiJLlP j^Jll U^^ J^ jjipl jJLj 

SI t^UJl 3^^ ^y «Ji-.U jt «JpI» Ail ^jS/l ^^ cr-j-^ »-^J J^ o^j^^ 
. « JpI» Jl i^^ ^ I4K L^Sf ^UJl j5^ Jl v-^L Li ^- V ol^JUl dUL- ^ 01 
^JL5j .tjj-MftlJ|)» ^ Uoi- Jlj iLoiU liaJLiJil ^ ^\ \1> j^JL^Ji t>^l j-^^, ^j 

.jj,MflJl ^ llap- 
^1 ?t*— i 0^ (>^^^ ;>• '0^ • <^ jlJliJU jL^ aJI Jp OU^I j^JaJ JL>-lj OT ^ jP-T 



(Noel Swerdlow) ji^jy^ ^}iy <J\j-^[ c^ j^^^ ^^- v** **-j^^ J^ J*- (Dan Voss) ^^^y (iib 

. (SjyLi* ^) 



^^£ 



S,^jJI villi J^ - ^ 

^ (i^l 0' -^^ 'jW-^' t-jL^ SjJb Uj_^ JLLP ^j,.>».>t..H JU^j <il ^_^j;,<.l.ix» J_^ Sj 

• ^j^ ^jj ^-^^ o^ J*'j ^j^ (J^ cy -r^-> ^^° -^ -^^ i^ji^l 

Jp t)j^ *y Jl5 j^p.4-iJl tjl j> ciJLIi Jp JL4JI ^2ri' <j^j^^ ^' <>• ti-^^ S-r-^^J 
t^j^ ^^j»j.lfli d\j c^j.srt.a,li X^jJl 01^ jU-^' t-tf./it S^lJb L*jj^ JLp v-*^UjMI A]a2j 

jlJLflll IJLa Jb jl^ Ajii' jw «1)I ^JIp 01^ tjo- i Ajjj^ i^J i^L (1)1 JJ a:;^ J . Ijl:>- viUi 

iiaJjJl ^^ Jl ijju j2r^ ^^^--^1 (1)1 Ufljl JUj (1)15" ^JMJ;:JSzi (!)l viUS Jp ij . jJi J^^ 

bj^ (jl j^^SUj M IJL*j til^ JLiw C*- «iUj c->'^Vl ikSli ji ^j ^„<imll JU<>j <bl JU 
4 IJLa ^j^^liai JL^j J^ L*-bJL^ ^ JUlAj SJU-Lp ^^jLI* IJLj* <l)t Ujj . U**>«.<^ 

i^i J^ jijii. ^j^ UJ <^,>tJi^ Jiyl J^Vi j^ V a;1 j^jl^ji j^^jI ^j.rti4,7...j, 

(l)^JbJ.I (l)j-SCUll ftJl>-j U y^ [!>■ jj^lill «JL* iJbt i ^jjJQaj d)! ^ (l)U^!j 

IJla J-^j .^iUl Jl^)IL oe>-^^ ^r^l J^' ;^^l -^-^ >* cr^lj^'^l l-^J^ 

j^ ^IJLol ia<-jVl ^^Jdl ^jl JbJl^ Jl jUtti il.-^ j^aU ^j, JU> iLjk ^ Jl^Li^l 

.jjLUJi ^^ 5>u^ Lsb (1)^- ^1 sisuJlI ;iii;j ^^jdi jjlu ^^^ jili \^\ j»iai<.i 

l^y.^ jSj>- aJIJLi iij>«:b j_^ J->^' -iai^lj ' J*>«^ -iai- yb jijjdl vlAii ^j» 
^la-Jjj t J*:i.i> ^ia- yb ^yij-^l '^iiJ ^^ ♦iJUiS'j . lull ^ ^^^yrj^ (>*^ *^-^ 



^^o 






(\o 



tij^Ulj '^t^ yjj ^J^ V*^J^" ^>>^ 'J^ *^ 'iiy*^ ^^ "^ij -^ (*J^I 

y> U^ <i>I— OJJ^ Cj\Sj>. i^j>^ di::)UV <JL.l^ Oljj^ r^ oiU LjilS" Ol^yll 
aJL* cLL^ »^la,'>...7 ^L*«>-1 jl J9jja>> ^>^J ^U^^ {^ LaiIjj t ^^: A\ii \^ J^^*-t (1)< 

^j.J-U.. iLA J.Jbd Oj>^l •llUJl »^UJU l^ fU ^1 a^t)Ul oNjUil (1)1 

^lJL>fci---l Jj.>- jjJb ^_^L*»Vl jj^ljipNlj . oLi^^--^l iijJL>- u>--«^ ''^rrdj^ "^^j^ 
TcJa^ ^Jp M^li . j-^-^lj ^j^jtJtSS iS^^ y-A'A* f'j^^jvJk jLm^ tj\jju _ (j^j^ (^J:**^^* 



. w ^ lA-i: jjuaii (^^) 

Pedersen, ^ 5'«rve>' o/ the Almagest, pp. 277 ff, : ^l . Yf ^ 1 4-wi: jJUoll ( \ Y ) 




(Y - r) ^j Ijy^l 

ji^\j jUi^i i^jJLi >iii ^ 4(\rY ♦ /vr • <^ ji_^ o) ^jUJt ^^J^\ jl^ 

oVLi.j pJL^Jl ^"y ^UL! (^LlS" iJUni: *j^^-^ t-jli5Cl li> ^^ t^jUJi ,j.<i^ 



nv 



j^^\ Jjbfc4 ilw^ — J 

JLSL:)fl j^l c^ 6:^t ^jljJI JLSLi>fl J^ jjjb j^ .^L^JLkJI a',,^\\ J^>1 

j».iLf!i jjjl ;l>i-j t oiLiJl cjLlu j*^^ c^-' * Ly*J*^ c^J:"*^^! <^^ ^-*^ ' •i^j-^ j-*i ^ 
*<^iLil (j^ J^ <^tj ii^l ^li Jp j^\ JJUd 4--sij ^ jlS" ^_^j..JUi tjt ijlJLJI ^_^ 

i ^d>:— ^ ^j-^ ^j^ ^j>cJ ULiJI c^l^^l <!)! ^"-^Ij J^-i-j ^^^--JLkj jji ^■^-'r*" 
i]!Aib^ AijL^ ^Mjj Jo 13^^^- LJl y^ljdl iiSil j^\y W L;J:^J* LLJI i^l^l 

j_^ t^jjftlUt ajLijj . (Uniforme) vy—^ <^,^ (c* W^j^ jiJ*^' *-^^ JJ-^i ^^*^ 
jj-j LJijJl <3L-Il ^>^.ii.rt;i /♦— i J-«L^l J^j^ <1J^ *Jy ^«J^^ ti' t^J'J^J ^ J-^l t./*^ 

.j**JlI Jjl»>j rj^' *-^ j^^ 

^^^jjlk «jy L. UJi>- j> aU^i t^jjl li^» :!A5li (iJUi Jp ^^\ ;y\ ij JUiJj 

11^ AJU^ pjL^l ^i ^ /^^^ l^b; AL. f^_ ^;yjo. _^j 4i«.J-l c_^_^l oL^> 

^ c^_^^Ukj ^ (Y) t^e^^l ;r>l Ijl^ ^j-JLk. J^ (^) : J. UT ^LJl 
Sjjj-^L> i3^p*::j 4C*A> <kij J^p- ^>-*^ ^.r^ -^j^**^ f*-^-*- ci* c)' t j - ^. ^ . U iJU- 

^j!>^_ ^ Ail ^_^ dUi l)S/ ij^\ Jjjw» ^S"^ Jjj>- ijjz«^ ^j>*i ^y^ jU*^^ ^^ 

. Ji^ iJifcj 4 aJUU- _)S'j^ J_p- ^j^^-^ ^j^ 



, lAjLlJl ^ju^j ^LUJl j^ £j>^ *^l-*j ^r^yi f'>^^' **^ UTLi^ ol^^l ^Ju 0^ SjIjli-Ij 
Ptolemaues, L'>4/7rw^«/e, tome2, p. 116. j i-'oY mj^I 4j*-j*lt t^j*Jlkj :^j 

Ptolemaues, Ibid., tome 2, p. 158. : Lij! ^1 .-'VI 4ijji\ t^-^ jJUall * ^^>;.«>tk. (U) 



\^A 



<5j^ bjO:^ ^y^^, V J^^i^iil i^-^l <:)Sf» ^ll^J^s^ ^L^\ oLTj^ .: J L^lj 

J^ UJb ^_^i-j jl *-^ 4 ^V-yu* ilaii Jj->- Ajjl--i i^>>*J -^^r^^-i *^* S^ (J^-r*^ C^-^' 
V j^ Jj^ ^u^L-^ <Sj>^^ ^y*^, ^^ ^'^ ^j^. o\ 4>5Lj V Ujllo t LL^ V^ 

.v^l^l 3^ly ^j> j-5^ ^ o-j-ii-^ l^jLUi-,1 ^1 ;i>Jl J^ il^^l 

i>^ rJ^ ^"^-^ -^'-'■^ <J-^ oLS'jJ-l 4-^y jI i^jJlpI Ji» ^^^^.JLkj jLS" Uj .^j^Liil 
i-^jjJ-4 iViSi Jj^ \^:<j^ bj^ b\ iSj>'^ *-^j^l i»jiai-l bj^ dJDJULi .^LUl 

j^ rj^ 4—^1 4-*5ljXil oL5^ ^^j;»1Uj <Jj i^UI c--;^li tJj-^bU (j^Li^ 

JLp-ij *^y J^J <UaI-j iwb ^ ^1 «--^l^l A^y^ il)j^ b\ J^, ^j . ^^1 
J^ ^b 4 o la:; * ^j>- Oj^ oi g-sAJ Vj . ^V^l t^^ L>-jL?- ^j,a1:-'J Nj ^^JcJ V 

^ i-w^l s^l^^l olS"^ ^j^.Jlki Ujy ^1 iL^l jl ftU^S L> *-?- j^ J^J JLii 

4-«Jb AjjT.mJ *^>>- ^^,;»«:L« ^L-:>-L i>i-5»*-/» ILa t-.S'lj^l fiJUt tl^l^j^ jlj 4<U?l» iL* 

>^' if^ - ^ 

^ JiJi .^1^1 -IS'_^ J^ jjJb t^^,k-aJI ^ SyLj> iJljJl ll\A\ ^ JjSfl J-^l 



. YA ^ i<-^ jJUdl (\*l) 

.ri -rr ^ *4-^ jx^i (>v) 



^H 



aSj^\ eJub Cy:i I i*j1ij iJLai^j ^i>*-^ frU-Jl <— 'lS'j>- jj aJl5^ UJ ^JjiJ ^j^L* jji^U 
VI dj^ ^ L-^^-->Jl1 ol^>l d^ ;iS'>l *!> i3^,>^, ^ VI <j^- (1)1 ,>SCm ^ 

j^u.1 u^ jjajj ^^jiiJi ^ai o>^j*-ji ^^ oi U.J tv^i ji ^liuVL 

Uai»- [1^ L-*S^j\ Jj LiLS" ^_^-.«-Llaj o\ j^Ji-^Jl ^^1 ?T :;:... J t^j^^^^ u^^^ 6LS'^p»ij 
aJL^J J^ JjLj IJl* (1)1 ^1 4<l)LiiJLiit t^ihw ..U L« (»— ^ ti*^ *^j^ «^' *J>r^ U-^U 

jJLP l)j^ ^-^'^1 •■^ J^ ij^ .OL^I t^t ^LL^ jJ^lj V t^JUl j-4—Jl *^>t^ ^-^l_^l 
tL-iUfliLlJl ftJLA JjJ JUkjCj oli" j^j-.JLkj (1)1 C«!j ^^^ ^(^-*?4Jl i>>l -^^'-'Tm.jj .ijJU- 

Jl J^>^^L L-^l^l Ol5^ J^ ;:>U^1 ^1^1 ^j Vl tOlUL ^iiJiJl ftJlA J^^ 

L^-^i^ 0LL4JI till: oi i^Jli ^^j.^.lU.! jJlj«^ jJlp ^^jl^I ^^^i J-^^ V dUir 

J^^^ V jjUJlS" . A;J*X>- lij>-jA ^L->-i olS'j^ k-ls^jJ LsdiLjLt Oll*A fi-ftjIJ l)i JJ^ 



.n ^ t<«i; jJuoll (^A) 
i\ .r\ ^ ,<^ jjuA\ (H) 



>Y 



J^j /U-Jl ^ S^b OLJ>l JJi bl ^^j .i5>1 liiL- JiL. JaiLl ^UU ^ 1^ 
^i jl^ lilj . iJUai Syljdl JUL; Jp c^^l liy: SyMJl lUL- Jp k^,>^ v^^' 

Jl Ajj^I ol^yLl :»j^ S^ ^jjj ^ .^V> n^l l-jIiS" ^y^ l^Li^CJI IIa l^ yJdj:j^ 

ii'^Ul J^ oJli" ^Ij 4^^^k-LjLt ^ o^jj ^^1 ttS^^JusJl ^Mj-dln ^i Jp aJ ol 

. 4— i] ^Ji-jJkl t-^l::^ ^ f-U- Lij _ «^1^l ^^ ^>=**^ jJ^ 
^^ ^y Jj^> ^^1 J ^\^\ ol^^ « Jip» J <LU J^li^ ^jt^ Q^^ 



.it _ n ^j^ c-L-i jjuiii (YO 
.a _ tr ^ t<^ jjL^i (Y\) 

Bernard Raphael Goldstein, «The Arabic Version of Ptolemy^s Planetary [j ^ 'I (YY) 

Hypotheses,^ reproduction of the entire arable manuscript, which contains the second part of 
book I, and a partial english translation, Transactions of the American Philosophical Society 
(N.S.), vol. 57, part 4 (1967), p. 26. lines 16-18. 



^Y^ 



. A^^JJ iS"^ W-j^ aSj^\ ftJLf) <^^ ciDi A^ ^ . ^1 Ll^ b^J Ul^ f^ 
^ j^ <;! Jb L^>>*I> v.-i'^l o^ Ot ,j^j: Jla.» j>r JLi ilj^ : JjJLlI Jl jj-dJL^j 



<">.v^i^ 



J-^l il^ jji Jo US' ^^UaaVI yUS' Jp .ij j^ J^l iJbk |»L#Jl ^1 (,:itj 



ll^sUS/lj oljjJldH ^Ujl ^ :UliUH vi--P- 1« ^ Uil >il . M - U ^ t*-^ j-uall (TO 

.OA ^ i<«jii jJLsoil (Yfl) 
.T1 ^ t4--jiJ jj-^l (Yn) 



>YY 



^ I4J ^^ Uj <^ jJU- ^ J^ «jy jl^ j^i . cIUJLi ai* pJLp ^ Jp jl oVl>Jil 

{Sj^ l»— wiJl iJLftj 4 <S AjJj Lw 4i4 JLp J^ 6jy L^ jy 015' IS[^ . ^ Jb ^^^.»,LUj 
J^ iJi^VUJll u-^jl Jij t4i^ •^>^' (J-^ j^ / ^' ^l Ji^^ <j' Vr-* ^j^^ '^ 
to'yUdl l4i> ^jJL ^1 Ujji J^\ jUll L^JL^l luiliJLp Jaip JLii tl^ -CJ. ^ 
<^Vlj tJI^^Vl .^^UaJ J-Pj .ialp oL -C^ ^ Jj> MjJI V^'j' >-^'j 
^ ^^_^ Lf^ ^jJL M e^l^^^li Lajj-Sj ijLjk J^ jJli ^ ^j^j;» lUt <ljt CiJLs<aJ)fLi 
cii^UJl oVUil Ai^ f>. ^M\ ojy I. Jl L^ jA*i ^j i.\xjjij U^U oNUil 

CjlJLJfc O1 <^ Hr-i ^/ i^iJl «->«-a11j . C^ i^^l ^ jJLSj i AjV ajji Lw AiJ UJjj 

jt I olj^Ldl A!LA ^lo^wy-l IfJl t^iji oj ^I oU^ldb JLw (1)15" ajS/ UJ dili JjuL 

«[^j-Jllai Jp] illjJS-Vl» c-^lsT ^^ . r 

^^^ Ajip ^, ^ t^iJl *-^ c-*l::S:j| ^yj c-^l:;5Jl li> ^> ^y JJiJl ^^1 ^^ M 
^-♦bS' 01^^ aJ JA c-*li5 ^ Si^ry «-^jltl Cj^ W*^ t>^ cr^' oU^^l ^j . 0^1 
_ ^;;5'jl)I) iU jJi-^ ^ iJU^I 4j«^U-1 l.z^ ^^ SJuy i>«-J ^ LJU*- iiji^ V^|!l 
^ibLl OyJl ^ UL^l j> 4>kL Ol^ iL^JI yliS' i^^ ol cjUl-J \.^j . (ju^Jl 

il^ IL^j tAJliJj^ Jb-t ^J ojjl JJ <:t Jl Utfjl jLil Jij .^liJU^l Jb-U' (a\ •<\^ 



M .\r ^ t<-i; jjuoli (Yv) 

. 11 jj^ K-i; jJUoll (YA) 



^Yr 



(, j^UiJU ^li ^j^ «illaj aJU L- ^yoju Jl^ d\S <^\ ii*^J yliS' cJJj^ <Jj^ 
^Jj^\ la.u.U ,j^l Ijla j_^ 4;.^.->m..*Jj A^Utfl^l ^L>»i| iiji V AJi ?»-^ij J^^ ^-<L..<ijj 
iiljJli-*^! ^\:S oU- UU- Ll::^ oU1>:pV1 viUil ^^ Ji 01^ -uSi lol::^ ^JUo. y^ 

J^ j^l U Jp [iUjSU til] UJ l^woJ ^l iJ^il ^» : J>. ci^jljSH ^^ ^>* 
• ^0>^^ Cr* "j^ lt^ y^J '^J^ ^.^^ (> '^^^^^ ^^^ cyj L5** ^^ ^l cr-*-^' 

j_^ Uji'JLl— J i i^[l^\ I Jl* J-« ia-*ul J-* U-i ji'JlJ Ot LfJi^ J-« »-L--L» ol^jJ-1 

.[-'iA ojj] tj^j ^ -dJl ^Li ol *31jJ:l-NI 
L^I jjj^lll -v-c-jj tl [JU»-l]j Uj5^ <L^ ajU Sju ^y Jiuj i-^^l u-^l^^5CU iUjSll 

<lilljJLlM»*^1 c-^bS" ^y cJ^bi-^/1 IJLA iU jS'Jlu-.j ,AL^ uf^J <»^^— - >>** ^y ^j^^ AJaij 

".[■'nA^jj] 

v.-i'l^^ ^j-Jlk olij^i iLxJI olL^ll : Lm»U- 

«3Ijla o«JL U ;->! iJLj i^L" jl; 1 (^>-^l ijJLiJi oLU5C3l ol j1 4^^li5J) ^jLa 
cl^J^ jjlJ! pj ^Ij U^^\ djjii\ J!^ c^ 4>JI oUJjil Jp bUiPU .OLli^l 
^UIp Jt* «>• JlJt-i J^l* i^^:? CJI^ j,JL4Jl ^;^1 UjL*t ^^1 obUiVl jL ^}^\ f^al^ 

oUJLill l^yL; V iLjJU olLA JLi^ jl JjU- jb-lj ^^^ ^U ^ ^ olj c ^lUiJl 

^1 iji^i j--^ «jl jSfi Li5;i^^ tjLipVi uyo oisaij jUjji ^JJ[j ujii-l ist* 

: a^j'^ Jl - v^^ oh.jfU iLju olijb ajIi«j cJl^ ^Ij - obto^^l ftJu l^jUl 

.JLiytll i^-joilj tA^Ji^S/1 i^jjdl 



NTl 



C-.mI ((.\ \<\A il^ J^O JLJ.J ^Ij c(f.\ \^» Jl^^ J^l) ^j>Jlj c(^,JL^ 

lift ^ ^^j J^Liu p-^^-i f\y jJil ^^ ^UL ^^^k--*JLl ^!^1 c->li^ CJli-l li^i 

- p-Ui^l ^L>- I^^omm - iJL.^ SjJLp ^j-^" JI jJLp JIj^ i*jli i^y*«i Ail ciiJij . j.U./iU 

iL^ jJU:J ^1 ctO: S^ ^yfc v-;j5^l J5Lill •!* ^^Jb^li . ^y^'^^, ^ l< u .. ;.:. 
Jji ijUaPj ftj>jJl t>« ^ ?«ii' j>J ^U- Urf>*^ ^-^J c**^' 4----S_pi 2f^' <^l 



:.^ JUa ^^j>JI v^ ^^ •«^^' LT^ ^:*b ^--b^ (> e^^ oi -ri^ Vl^ ck^ } (Y^> 
Nur al-Din Abu Ishak al-Bitruji, On the Principles of Astronomy, an edition of the arabic and 
hebrew versions with translation, analysis, and an arabic - hebrew - english glossary by Bernard R. 
Goldstein, Yale Studies in the History of Science and Medicine; 7, 2 vols. (New Haven, Conn.: Yale 
University Press, 1971). 

Leon Gauthier, Ibn Rochd : Jt* ^ Vj! ^jJiiJ\ JU^l ^ cJl>- jlJU -Lij ^;^l JU*I l,\j 
(Averroes), les grands philosophes (Paris: Presses universitaires de France, 1948), 
A. I. Sabra, «The Andalusian Revolt against Ptolemaic Astronomy: : J_«j ^ LIjX^ viJLJL>-j 
Averroes and al-Bitriiji,» in: Everett Mendelsohn, ed., Transformation and Tradition in the 
Sciences: Essays in Honor of I. Bernard Cohen (Cambridge; New York: Cambridge University 
Press, 1984). 

Noel M. Swerdlow, «Ptolemy's :^l t^j-JLU jjlp ^1^1 ^Ujt iLA J-*5l ^yJ (TO 
Theory of the Distances and Sizes of the Planets: A Study of the Scientific Foundations of 
Medieval Cosmology ,» (Doctoral Dissertation, Yale University, 1968) (University Microfihns 
International 69 - 8442). 
Escurial, Manuscrits arabes (9 10), fols. 78'' - 79'. (T \ ) 



\X0 



L^^jjl ou^ jJUl ^ ^U- JLi^L (Y) .iujU^I ii^UMl v-^V c-1^ ^..^.rJl 

. ^ ^ .., ft -J !:J l J la'.* cJ^LS-J ^- 4 . . ^ ^Jj-^ y>^J ' (J^^-^ /y— ' J' <'^*-^ lI^>^ /*"^ ijUa-Pj 
. ^j.,^\ Jji «!)L^^I OIJL* OjSCj jl c-*>«-i 4 JUS ^y L-i (^y V U:l^j 

^U- ^j^^ 4c^lj^ 4.M..»;lt ^IajVL jLdLI ^y^\ ^jjUla> j_^ .ijjj jI Jbuj 

. [^VA ojj] t^JU ^^ ^ ybj AjI>-^1j a^U; ^y 
UoiJl oJiA oJL JLii 4-L^t J^ c--^lj^ UiUl iliuSll JbJbi LS:/ ^^. jl lij 
Oi-^^ -^>J 4jr^jA^^ O^ J^ Wl £?-J -*^J 'c^-'jJ' <^J>J' Sj^ *^ J-^ <J^ 

A^>l jl L^y^ jl^ t^JUl CpJL^Jl ^;^V U!>U- 4^j .cJl^ J^ Ua^jl C.....I l^l ^yt 

ciUUJL ^j>Jl Jt^. (I 4Ua--jVl >J1 H^j ^ J^l h^ ^>! gyli- iiJULi Jp 
#UjlaU . ^^j.4..1,la> «JUJL^I i^ JUI ^.Lld.Tli ^^^iJilL ^^Ji:lM »iJLLLj Vj j^J^I rj^l 

^ l^Jj^ jjjj ^UU SJj^-lj iiiail ij:rj Sjjj-"^ J^ 4—^ t)l^ cr-^jJl c5^J.r^' 
fll* ^ *3b ^y Jjl Ol j^lajj . (j^jS/1 3^y Jp iiJal^j oU Oj^j c iSj^^ ^^^ 
t^JUl 4(f \ ^Ao i^ J^l) J^ ^1 4^j>Jl iLL-I C^IS- l^\^\ lJ^j^\ S>JI 
. J JU U Jp 4 dUS JjuL 1 -ut V 1 4 iL^Jl ftJlA 4J (j^yj ^y <i^ J^ ^J^ tl^ ^^ 

oJbjJLI cL^Il^JI oV illJij 4 ftl Ju ^j AlUJa; ^ bjJLift l»LlJl II* Ji" ^ JLaJ 
objA ^U^ -^A^ <^^ ^^ •^^ •^■iJ • v>J^^ ^^J^' (i^ -4Ji-^^b yjb>^i 

^Ul Jp JL>-lj OT ^ Jail^j 4 ^j--Jlkj i:^ cJil <^l c^lj-ill l^ytJ *y oJuJL>- 
^ J ; t U t oUUa LfSj^M^ ^^1 1 ^ ■ .. a I jjbljJaJI J. juj 4 0^^>. ..^11 a^^oJLLlJI <jXs^jJI 



^rn 



4.?. 4 11 ^^ 4;.../jJl JS'Lill Jb-L>«ij 4 *y jl ^li:Jl eJu oljb JLij . ^\^\ (>• ^Ap Jp 

ji 4-JUkj ^ olijb jH^U^I cu-s^j j;;jUI (l^j^l uit^^l OV SS'^j t ^^ «ipl^ 
apIj^ JUi'j^ ^y ^L jI J5wjj oUjMl ^y cJj ^y 'jH-^ "^^'j (Sy^ '^*t^ IjJ-*^ 
U jl .^Lp ijliJl jyiJl ^ ^Vl . a.^:tl J!^ "(LIU OI^J ^ cj>Jl JU-UI ^) 
I»LijJl I JUh <l)I tiytJ i>»^ • 1^^ *^ «J^ L«^ r^l ^1-^Jl •'^ l»LiJI tJiA J^p- Aijjti 

. yU ^lill 6^1 Oj-Ap j^ Ij-.A;>wJ. V J 4 iplj-- JL^j^ ^1^ JP ijHsAlJL. j2^ ^ 

jA Ajytll akil «JLa ^y ^sA v)^ 1- ^: J^l^ ^iJy^l i--jJill» SjLp U^I viUJli 

JJUJJ . iajljiilj j-vbill ^y ••^yto ^^^ iJ^l i--jjdl oQ^tiJ ol k^l jj-J- 

^ 4-^jjdl oJub ^ SSJ^\ frULp v^^^ .JL?-lj jJLi: Jl ^^^^.iiJ L|aL JjJlll ji^ 

J5UJI ^jSfl IaJlI ^ ^Joc: cJir L^Sf i^^loill ii-^jUtj ^IJlI o-jli^l ii-^Sll 
(b^j-lil tiJULiJl ^LJLp OlS* 4 ojjjJl ol^jJ-1 nyjh Aly^ jjjJ iUJJ j5'^ ^yrj-i 
^\ a!A5 u.. ...>■ 4 dUSj . i^j ilXJLt Vl ii-Jbtl ^y c.->^J iJK-ill oJiA d\ djj-^^ 
^ j^ ^UJl ^^^ ikj^ _;J^ y^lJLiJl iJ'^Uls' jUu^ iJtAil J^j . . . )» : jl 4>L1JI 
^liJl ^j tc^jS" .iUi J^ ^ JL>-j U5 Ajt cUUS Jp J^^ 4^UI cdJULii! t5>- y 
<w*5'j^lj 4v-^l^^^l jj^i^j ^Kj'"^ (j-^^ cT* (J*^' W--* -'^Ij J^ ^j^ •^rr^ V^^J^ 

i]':A3^l ol j,^ liA J-.J . U^j ^^Ijl; ii*^! ijj>-j *^_ "lAi 4dUjill ^-.JL ^jSJUt 

^ IjiJb^l* : j^^^ljl\ ^ J^ Ujulp (^IjJl Ijl* ^y> Jbu UJ ^LJl ^^1 j^^ 
'j\yr t> l>*^t* '-^J jiJ-J^l ^^Aii^ (1^1 i^^ ''^^^ j:^ J^^^l -^tAiVl olS'^ 



Edward Stewart Kennedy [et al]. Studies in the Islamic Exact Sciences : ^ t * jJLJl (VY) 
(Beirut: American University of Beirut, *1983), passim. 

.•^1 iSj^i ii\r^ t^jU i^ij. v^ 4],j^) jjji\ ^^^^ ^ j^i A,\^ 4>ui ^1 (rr) 



^tv 



^ jijJ^I jl>>- J^ 'jJ«-^' J • V*t?^ J^ V^^ *^ J Vr^ ^>»" «lJ>^ ^ • A--i^j 
Ja. clULi3l ^ v^^l O^i . ii^Vl J c-^l^l j^ 6l^ L. ^y>rjl ^li3l lULuJI ^ 
;^^ p ^ Olj Lfci ^^Jllil i^j ^;u;i^^ ia:L^ ii^AiVl OL Jli ^yj . U ^^- Jp 

jU*j\1 ^ c^tA:^ olijk i»L:;i^l il5LL. cJ\S iJytll i^-jJllI Jl ^-^^ il^lliU 
^jUjJ Ol jj^ S-s^Wj V*"'!^-'-* j:ri^-*^ tiiJLLi«il e-^l^^l ^j-^ (>J1 tiitsliSfl 

ouijjji ^ SiU *--i^ji tijyii i-*jjjii i^ cu*u ^1 t«^^pJJ fUJi «u*yu 

^ ^-JU^jj A-i*Ji oIjLipV c-w.s<^j Ir^J J^ tx^^ '<^*^' J! ^-'-^ *--' "^ tSJlp-jJl 
^Uj\l ^ >LiJl ^1 .^j^ Jj^ ^I^L JULI dDi ^ c--^l Jij /^'^JL^Ij jT 

^1^1 til ^Ul >T LSOi oy^t V ^1 c^l^l J J . bij Li* ^....Ml v^» ^^ 

. Ifip iL Jb iL^ ^1 Jl i 4-JiLJl ^ j ...». t . l l iLA ^_^ 

^1 is-jh ^ ti..>*Jl iyi «-*j— ciJ^^I i--jjdl oLULiJ *^ ^jjclJ\ j^^j 
SJL^jJl UjJlJj iL^Jl cJLS" LfiVj Lfpy ^y SJby Li>- cJli" 1^^ t^..^,..tJ.I ^LtJl 
*j1j ^.^ft..lU ^jj^Ikj iljb ^Jp 4-^1^1 L^JIp ^li ^_^l ^j— «- j/i j^^jl i-ij*-' . ,j..ft.*JI 
ji:I iJj^ ij\j$^\j illi*^! ^JLiJ L^jjj .Lf-i^ ^LlJl j^l iL^J c.„./»Tfl4 ^jju kiUS 



•■"^ * '^j^l '•^^^ jJUaII (VO 
George Saliba, «Theory and Observation in Islamic Astronomy: The Work of Ibn (f o) 
al-Shatir of Damascus (d. 1375),» Journal for the History of Astronomy, vol. 18 (1987), pp. 35 - 43. 



\TA 



J-JLdl dL3S J U-L. tiJlill jA; SJb-l^l it5>^' v^'^ cu^^^l ^1 oliU^JL ^i 

^^1 j.*Jj| jJaiJ jL-^ JLlIL jjbj .jj-^«JtJl :>U-jI ^^ ^y 4 0-j:> 0; 31 , 20 ojJJj 
<j^ ^J^ csW <j^^j^*^' '-J^ <^i* '^^^J -lT^J^^ (>• "^^^ ^^ L^ j^' <^J^ ^-^^^ 

oUj-M*^! cijj JL?- 4-JL^I LJIj fjAijj . f^^jAj J.^-^ 7t~K>%.>^ j-A L« 1 J-*j t J .. ft .t. U 

Ajl Jj^l Ajlji j_^ Jaii L^l jLtl ^1 AjJLv!»^I 4>JbJ j^ L^l AjCi ^j>^J . A^iii-I 

>LiJl ^2^1 (Mj -.r?^^ cF^>l ^'.o.^il >5 Ol /U4I ^j,.IU.i LitiU. c^^^i^o ol5' 
i^iJl c-^llSOl iJUh Jp OVI j^ ji*J i Ci^jl^Vl ^ ';>^J . JwailJL ^Utfj^l flJlA 4J 

Cy^l c^ ^J^ 0; 29, 5 

ix^jSfl J^l ^ irji 0; 32, 32 
. ^^-^^^ai-l ^J A>.ji 0; 36, 55 



>*^i j^ ^ iJNI jjkj iiJiA ^LJi ^^1 j_;^ Ljlp \jljJ- j_^kJi .Jufc ^-i^ ^? jjS (rn) 

^>;t) J^^^l ^cj*.^- ^ J^l LV 'ck-J' i>il • Jl *(iJ^' JL*: ^ bk iJil ^1>I L.1 .^ 

.(^r^ i^jU .^^_^ ;j:su 
.-TA ;ij_pi t<^ jXs-JH (rv) 

.-'M J ^\t Objj^l c<~ii jX^! (XK) 



\T^ 



(^JLJI j^ f^a kJ t t^jil rj^ jlJLi. Jp ^^jH ci*^' C(j...o..lU (_^-,ajSll JjJLaiJI <1)I 
Ol v^_^ iiilij t^j.5 2; 2, 6 ^ ^LJl ^^1 J:^ ^.^^1 Jd^^b . ^^>,. Jlaj aJLu 
. ^j-JQaj ftUipI (^JJl jl Jill *3>- 2; 30 j2r^ Us»j^ 1 2; 7 J^U. j^J^I rj>- J-^ Oj^ 

^j^j . i f ■T.'>^./< i^JL* J^ jl cjLJLJI ftJub Jjuo v^l (J^ jJLoll j^ Lift f-LL-Vl 
LjJl J-s^y jjiil ^^i OL 4.,«^ f-LiJ j^^ j^ jisLiJl ^1 ul ii»L^ JjiJ Ot *^kLJ 

^jh jji ot l)S1 aJLp 015* Jii . 4^»IW.ll <l^t «^ <^jUi^ viJl^ ^1 T^bJl aJl* ^ 
Jjjjo Jl t^ijj ^j^ t^^ j .4. 1 . ^ it^ ^^ aJLp OLS* Lr Jil L4*i ^_;ll ^jj^ 0^ 

jJlJ ^^jVl j>p j^\ JUi-J (i^lj ci^ji 0; 36, 55 UjJli ojlj J^ Ujiii jJLj ^^ 
^^Vl jJLiJi Jl jJkpVl jJiJi i^ 0^ Ol «-^ . <>-j^ 0; 29, 5 ojlj Jp U^ 

.0; 36. 55/0; 29, 5 = 1.26934 : i-i^l i^-JiJI 

JSLiJi) ^^^..^1 AJL^ yiiJI ii:>UVl :^yrj >LiJl ^1 ^y>:i. viUS <J ^jj j>Jj 
ci.^ O^^JL-- o>i >,a.^; I Jiuit viJLLiJi ^_,---HLJ Jj^" *-iU^I (^) ^W*^ - Y*) ^Jj 

I JU J^j . j.^1 ^ orj^ 0; 59, 8, 9, 51, 46, 57, 32,3 ^j ^-Jt^l ,>-^l ,j...Jj\ 
d\S ^1 pl>^Vl ^y^ IjPT 4; 37 •>i ei^ c J-U-l ciLiiJl ,_^.-^. (T) >T \^ .llUJi 
^iT^^ Ji^ 0^^ (j^ jUJI *1LUJI jjJbj .UjjT uc^ Jj^I cULUJl ^ ci-^ L,- 
OCT ia^JD Ljlj^ Lib AB ia^l ^. <I,.>,. c^Ull 6litML ^;^j v JjSfl cilUil 
dJULb OT ^^1 ^jj>- ^ ^y> jJ Ljl^ ^ IfJlp Jva4 t/J^ ^^^r^' «1>^ ^^r^VJ 

t^.jdi ^_,^_i ur) viJUJi dLUJi ut .(^1 r) ^j j^LJi ^ L^ A ,j^y. ^^ju- 
. jjSii dJUUJi ;^^ cjLcsoJ ojL^ ;^y>o (ji^i -i^u Jd ^\a\ ^i^vl «^^ 

.1..>..JL^ ^^1 ^^1 wii .^ t^ J^\ jJLJ ^yJl S ^u 0..1H vlJliJi iiULiJi J^j 

^^^^»-w-j (O *jlj dJUU t5ji4 ^..«*"'j 'C iklJl Jj^ aj^:--* *^y^. jj^ 't'^j tti>-V 
cUl^ ^1 ^...^.ll jyl -L5^^ Jl^l Jp jjJUj ii*>US/l ftJut ^ Jp J.LJI .iJLUJi 



.■T iij^i t4ui; jjLs^i (r^) 




2; 30 JiU. t^iJl »! gv^> ^ Jil y^j c4; 37 - 2; 30 = 2; 7 J LjL^ OC j^>l 

j^l AlJfc ^fc*— J t^j^^lU; Al^ cJtjUfcJ t<2r^J .jJslpSII JjJLaiILj Ib-V «i-s^ ^1 



67; 7 / 52; 53 = 1.26914, 

^ jbUi ^ U5 ^jUti jSj^ J^p- ^j 4jL^i^i ^LL. ^_^ ^1 o ika: jj^ ^ 



^1 il^^t OltjA _ c-» 

<i^jA J^p- j_;-*Jj JljJl ^j^ ^J^ i»jL«l« OUjI ^_^ AjjL-JU L^ljil t ^j^j^ olUt ilJb 



\r\ 



il c^j..>,Ua. Xp JSllI •iJLUll :i^^ •Ul 4 JjSfl jUJll c-U>0 ^ i^^yJl ii> 

Jly 6UL c((^ * _ r) ^j JiLiJi) jujJL-I v^->l11 Ijl^J Uij 4 J--LII ciLUJi ^\ 

'^^ uUaii jjiii dULiJi iSj>- dj^ d\ Uuj ^^^1 u^>-j -B ^^i»^i J! ^j^' 

.SOA lij\^\ oLw»l 4itAiJ ijjL^ SOB ajj\^\ d\ J^, S}Jj t^UJl 
d\S ^^JUl ^jVl OLi 4 Jl^l ,U\j JsUI JJULiJl :i^^po i3^,>Ci Ju-U-I .UUUJI <Dl^ dj 

ajjU-w. ;5'^^>*. ' J^>JI •-*^^ «^L^ P jlJUl tjSj^ ijj^ ^j>^, ^^-^ J^^^ «^AJLy' «1>^ 



JLl* ^nU'J^I >^> J-^^' »^*^' J-* lJ-^' OC Il^JU LjIj_4 pi iai-l jw-^mj 4 1 

i>(5^L. JLlLj ^U: !^ 4 V'-J^^ ^>'j^ J^^ JJ^" 4)^' ^^.r*-! ^«^^^ J^ ^\ 
US' L«li 4 iaii ^_,Jhl-»^I iljlSji-l 4,4../i.7 AILlJb 61 J], ^_^yJl ^^-JLj Iia . Ijj:lA\ i^^l 
<:Sf OC iai-l ftUN ^/iU- PI iaiLl ftl^l ^^-JUi Ot c-*^ 4Upj 4^j,.a.i.U| iLjb J*i: 

.6^1 jj^-iil JjSll ^biil J-s^ (1)1 <l)ji 4,_^^^jJJflb 4ijb ^ a^j>»i' 



George Saliba, «Thc First Non - Ptolemaic Astronomy at : ^1 t^^yJl JU*I ^^ (i * ) 
the Maraghah School,» Isis, vol. 70, no. 254 (December 1979), pp. 571 - 576, and 
^\:^ :(f ^Yin — hWi k^ J^l) ^yJl ^.jJt Jb>. i^l JJUUil jjp 2?J^- 4^^l ^Jl Jb>. 
SJL>-_pl Lll^Ulji ^^ : <^jj^y t i '"^yJl -Ai^ f .A*^' ^iJ^ <1.>-L»« 4 LJl ^ ^JJ*!" r^-^J Jr*^ ' ^^t4^' 



^rt 



^,Wt,..^ il tSlSUdI ^kij j^l^l u^\ ^bJl v:i>^ etuis' SJbJLJUl iL^l j^^j 

oT ajIs'j I audi jp JaiUi iJiA jju li^Uj .(r . r) ^^j jsiiJi ^ n ^JaiJi ^ \j>- 

i ax^W oJjb j_^ c^_jk*-jJl SjjJJI t)^^ dJDJJ i>i-ii .N ^jj^JLUj jl:lp 6liU.il aLaj ^y 







Nvr 



J i 



L^Ji 



jjJliaj Al^j AlLJb ^ «^^Li»-*yi ilL-ut JJ sl\i'^ Jju ^^jjJl ijju 



^^^\ j^r^t iiUU .jJ^lil JU^IjJl ^yip- CJ^ Jli JjiJi iJlA JJL. <3l| vlUi Ij^^ 
•^j^^ J^l > to!^ ..^.^ ^3^-^^ 'uf^yJ' ^ u?' cr^' ^i a* Ji-AJl 01 



^^^>im 



>UJ ^^>ll iL> (t) 

K^\j^\j 4-^Utl olijfll <y»^ (_^1 ol -bu tvi^l (y tr*-^ •"^-J '^ ^ U^^ 
^S Jl ULi*y ^1 J^Lill 4iUJ jji^ U-Ui Uul Sl^ iijlk^ V^>^J y^' 

J l^^^j Aii JUJLj cLLJl ^1^1 ol^> Su cJ^l ^ ^y J*-iJ oJl^ ^1 

. Jb-lj b\ ^ Lwi uCLjfJl gJUJ JLJl ^T 

cULLUrt^j^^ jj. J-/»l^i li^uU j^ Otj c^Ul 'j^jA Jp LiJai-. J^U-I .iUiJi 
fUjL>-Vl Jk Jjiij jlj ^>^ t^ j-*-2Jl (3^ LiJJLP j-^ Ol ^KJ-^' "^^J J^^^ 
^r^^-kjj '*i^j^ J^^ 4jjI*^ ^j^ J^^^ ctiiill iJ^p*::^ c)l j>^ JjJUp . JLJii-«Mlj 






1^1 4K.*.U flJU J^ 4 j^T ^^^j . Jo^ hj^^ *^J^ ^^^^ <Jj^J j^^a2^ <l>li ^44><^ <^^ 
ftJLftj . Ajjiwi ij^b *^j^ i>»-ii •'Ij^l JIj ^U^/i Jl ^^ ?*fr^. *>«^ ^J^J C^^ 

^^-ojo jl ^/i t^^i jp j-j ^j . ;i^b ;^^ ^ giu ,^^ flUL j^jli: ^i^Vi 

.LLJl c-^l^l iu* Jp JUL -uJa. alj t^l 

k.^.j iLjJl olljfJl ^yJ 4-,A-,flP- t^JJl J-^l ^_^jli3l IjLjj Ot ^^ lij e-Jf^ ^ 
yr la ... II iJb^ ^yfc i-ptfU- iJU- j^ Cj^Sll Jjl ^^ 4Ajj-lklJl ftJL* j5'i ijj JLi) 

0^- ll.->o ((\ \ - r> jjj J5LiJl) jJJ\> JL^lJ : JhJI JSCJJl Jp c^^l jJa-Jl 
(^^Vl S^plJill ^ i-4.^;l LjL^ U^ <3.>^ J^'-'^^ u-* <^>"^ <-*-^ L.^lJL>-l 
•yljJl 4Sj^ c^lit oUb ii^p^- Ui-lJLJl ijJu^\ syljJl <:)1 ^>:J . JjbU aL»IL}\ 

^^ Jp Vjl t)^^ ^J^\ ikUl Jl^LJj t(^^^l <P^r^ \Jul^ dj^ ^j^,J t^^*^'"!! 
ii^ ilaJSJl oJLa OV . ^UlJl 4^ ,^1 t c5>-^' Sj5l JLJI Jaj^ Jpj (^,^1 Sy IjJl ^ 

^2;jJ^Ijl1I ^-^y^ LjL- ^ ^j,<iw.il I ft ^ .,<? » ♦ Jl i--«jJL I ft ^ w .^jj L>ljJai (l)j^ o^j^ 
ol^ Mji^M v^ c>H^' u;^"^ ^^^* ^J^ ^^ u^^ ciDi jw» jjj . oeJ^-J^l 

_;jjJLj ^ILU d\ t^jJaJl jj^y JL*J . ^ ^j .ft. lla> aL^ ^y j^\ jijJu dUi JiL. t5y-l 

^JMl^\ ;kiJ LLlJa> ^^Jcll J-/»^l ^^i J-»jrj tuiiljU ;jJ^ (y-N^ (5yt ^^l 
. (^^^1 S^l Jai J^ Jp i^y^ dL j^l jij-lJ cliii 3^Jt j«^ft-«i U IJLfcj . iJL/»\! 
^1 aS^ Vj t^jjUk iL;^ ^ j$J.\ ^j\^\ J.UI dUUU :i:rU iiU JUu ^ JliJUj 



j*^l J^l IJI4J ^--J^li ;i^^ (Lc Baron Carra de Vaux) y j^ \j\S JjjUl jX^l ^ (it) 
Faiz Jamil Ragep, «Cosmography t^y^ ibjJl^)lt 4^ J^oiii 4^^; ojJU^ L5 iSj^ill 4;.,rtalt 
in the Tadhkira of Nasir al-Din al-TusI,» (Unpublished Doctoral Dissertation, Harvard 
University, Department of History of Sciences, 1982), pp. 95 ff. 



sro 







J..:a^^ ju.ai ciluji i^ ii^^ ((\y . r) ^j jxjji) a^ jui ol <^^i j^UaiL^v 

uJjXSjj t^j^Jdaj iL* ^ JjVl JKji)fl JJ- vUUij tiUJl jS'j^ J^ ^>^--« "^j^ 
j2;Xr tij^^I-Jil «i>.jijll» -J 4^^...,t ijj^ «0»-j^J^l j_^jJflJl ^JL>wL^ t5lSL>JLI ikij 






^ri 




(^Y 



r) ^j j^i 



I4IP ^. ^ l^y iuL^j iili^l i3!^Sfl oIa oir> JliJl ^t-^l ^/i ^ . iL^Jl 

c5* J^^ c^j-^^ oNiUil ^iSU^ cJ^^oiJl IJL» j^^-dii ^y tj_jk*jj .iJLii-lj (^^la-^jJl 

Ai^l J^p- *^^^ <_r^' cL*U^I^Vl "'I* *^jjJl (i^ t^j^-^Lj (5jl^^^l ^yuj 
J^ jjju t^JUl J^LLl ciiUJl iS-^ ^ glUl JUil L^j /ill- U^I ^I ^^JULlI 



^ Oi^A*^' i> C-J-^^' <'^'*V) ^Jj (Koprulu) jijy^jS l^jki. <-.ljjJl .!» ^^ i^JLiwL-J (ID 

<j ^u ^JUi j^jJi ^ 4^1 t ^ YAY ^..U-t^l /c->T Yv J jiijii x^,.>>4U ^^\ <i^ jjSli ^^l^ 



>rv 



ikii Jl^j tiUJi '^y J^p- 4jjLjU jUjl ^ 4jjL*I>i Uljil *JaJaj Ljijj (jlJUl *J^>» 

ftJLfc Jb-1 01 Jji-i . cAj»\jit>i\ ftJL* jjp i^l v^l Jl ^^ *^^ ^ ^^r^ 
^;^jA J^ j_^j lull jS'j^ Jj^ 4jjiJlI J^U-1 iS'^ Jp (j^^j^*^^ o^^' '^J^j^^ 
ojUl ftJlAj _ iS^^JwaJlj S^^j-SCll J-^t» J Ai>o ^ flijjt JLj (31^ i^JJl ciUi y^ 4 jlJiJl 

0|JL>«I^1 XjiS JIj tjL^SlI iJi^J ^U-/»J Ji li^ I^Ij .tj^^jiaJI <:>-ji^» Jl <?*-.^lj 
^j,<a^ flits' <bl aL? r>-^^ ^ ^ cA-JLkJl AJLfll J^p- ^! (^JUl jj^l^Nl J*- ^jJU 

t^JUl S^JbJl ^ jbJl ^b^ai ^ ^ t^iULl Js^l ^ t^>il oijjl t^jyi JJ-I Jaai 

c--«bS' ^y A;^j^^ ^^ (^ t#j'-rr^' ^-^Jj' ti-^^ lH"' ♦^l <Jj^^ O^ *^-*r^ * c^^' 

.^^jWl J;»- ipLs^iJ SiUl 4jjJjaj ^>«*i>-l (Jp 4yb 4JI4JI 

iJlA J^ ijJl 61 4jU-^l IJUb ^ ^_^jJaJl ^j^ > Uii . l ... ; (1)1 OjJbj ' Jj^ J*-* .V-«wJ 

oijjl JJ «1)I5 J-/jI JI ciiJJb \jJLa . ^Ul J-H^Nl f iJLi-i-L j^ oi 4>Slw ^j^l^ip'yi 

4j^^yJD 42^1 cutis' ^ ^ ^j -o :- .,-* jj.dlj o'»^l t5^ jj3 4t5jlj--lJl i > 4 m > ? .. »2 <»-j 

'tij'jr^' <^jJ 4,1 ./laU Alj^l viols' l^t jJLij 4^;^JiU (_,-^y«Jl iit4J J-aI* ^j^ *iUS 
Jp L^l^j ^^y>- V^J j-^l ^>^' ^ ••J^J» •• Ji L^ J-^^ "^^ ur4^ ^^ 

L4J ^j .^UjbU jil^l Jj-^bU J.IU1 oVlO)ll "^ -c^ ^aJil jli^l o-^l 
j^lj 4^.^ JlJ.Ij ....-^ jJ-l Oti .^>o vUl^ q jj^ Vj 4j_H-+l iiJlit VI 



.^W yj^l i(iov) j^j (Kopruiii) j^^y^^ '^^ (a) 
:L^ j^JLi-.! ^^1 l^.-fli ^^ ,^1 iJu y -.^\l 4ULlj t-'in ojjJl *A-^ jJUfliI (lo) 
tiL^JI Uci X^WW^^Wi iL- j>dl) ^^1 ^.JJI Jb>. 4^1 dUill iOp ^Ji 4^^yJl 
U ^ vfJlUJI »UU ^ cjiJU- *:! ^r^y^l 4J>*i -^-s*- **-^ u^> Cr- ^ ^^ cr^ '^^ -^' • ^^"^o^ 



ST A 



Ul^ ^. ^ ^5 JJlj 4^>JI -L:^ji3l t^JJ! JJ-1 y. \^J^\ : 4JU.*I ^ ^1 iLjb ;jU 

^Jk 7c.4.«J ^^ U^'.P 9*iij> (jCjjiw*^ uiP^j^ '^r^y V^^l ci** ^*rf^' *^ J^y • ^ 
clliiJi ^^ U^j^ ^L^j^jr-^l rJ^ .lUJl 3^j^ J^ ^,y^-^ ^>^ ^J^ •^y jiJ-^l 
DHK ciULiJl jjh o U»U- j^Jil ^jU- L5Ui c^^j.»,l.W.> JLi> *-ijj-*il J^jll ^j^\ 
J J-S'j-« rjj-^ * '. ^ » ftj-^j-^ t^-*^ <^J-^ ■^ -:"> H t((^^ - ^) /*-»j J-^-JtJl) 




^- <Pj— JJ JI>JI «W^^ jjJb JjdJLl ^J,| ^jUll dUiJi IJl> J*i^ ^' .^j^UJaj 

^*:jU cUij D gyVl iJ^ 01^ c?jLJI abg ^,>r^ -1^ cP^I ^^JLUJ' ^j-* '-^*-^ 

l)I ij^j^ etuis' .^jjftliat JLLP jS'Jil r\}j^ j^— >• «jiaij 'H •ji'j-* 'J^J^I ^J^' 
IJuhj . flUNi (^r^j JiiJLJr' >S'JLI ^jlitl ^iJLU)l ^S"^ j^^ ^,;./ill ^iJULiJl IJu iJ^^^ 



\r^ 



Liiii '^jA ^ |JL>- ^J^k b\ tlliiil IJL* iikL* Jp *il^l E jijJlllI ciUi ^J. ^»...; L. 
.lull ^j.1 Jj>. ijji^^ ^>>*i ^,r*^ <^U *C jH-J^I ^^«.Ua.Jl jijJii)! 

JJ^ J-* ^■♦-ri '^ /^' J^J^ <J_P" *i>J*-* ^j*V -^^^^ ^^J J-^i -^j-^^ jU'^^ '^j* 
^^^*^b • ^ (j^^^ jJi-aJI <UU- J^^ ^^ ^\ H ikSJl J^ \f^^ *^j>*i ^^y c5* 
^U-l J^U-I jSy Uajl ^ j^l F ikiJl J_p- o_^l.«^ <^>>H ^JJ-^. ilj>c:j H 
ftJUh jt c^ ^^j . (i jljr^i o-^l ^JJl JbjJLl j^JLI ^jliLl dULiJl j$jAj H illaJLJL 

aJjb OJL^ JU) . «^_j*^jjJl A^^> j»— <l C^ Jj U^ <ij^\ oJL* ji'i J^ JU «-ij--«J 
• ^1 cr^^^ ^^J^^ ^J' ji^ ^y J^ (^ c5^b ^ j .j».Uaj 

<UI JL^ 4j^t>Ul ^^SOiJl iUJI .JL^l L. IJuhj . jllJl JliLi)!! IJ4I ^Ij J;^ ^Ul ^ 

^^^cJA ^ '<S\S Ujl^j 2^;UL| :l^^^ oI o-UK jLj . -113^ JiU, V of jJ^UiJlj 
<x.yLJl jjL^ A. ^li t^JLJI ^j^^^^l J^l b\ /^^^iJJJir ^ <;! .iLi Vj Oi^-jjJill 

0-U»J ci-A-ftj oNl ji-S^ (1)1 >wJaI.MJ V ciJUJJj t Vb ^-'b^ «^V^ t>^ cT^J*^ (^ ^^-^ 

cUOi ;jui ((m - r) jJj jLji >ji) ^^i sk ^ ^xa^ . t^ji^i a:;* Ji^' <> 

0; 52 (jlJUl ft^^ cJ-^ ' jiJ^ '-iJU^ jJ*^ t-i-A* t-i^ J^ «jL _ ri tjais ui-^ - jA 
jjJb <!)! <j,^jjill j>*j .U>r Oil-- Jjlil dUiJl ^ L-isdi L^ (1)_^ ^^1 ^l^^-VU Ifrj^- 



Hcinrich Suter, i)fe Astronomischen Tafeln des : jJiJi t^^iCUJl ^UJl 11^ ^jLlIj U ^^ (M) 
Muhammed Ibn Musd al-Khwdrizna in der Bearbeittmg des Maslama Ibn Ahmed al'Madjriti und 
der latein, Crbersctzung des Athelhard von Bath auf gnin der vorkrbeiten von A. Bjdmbo und 
R. Besthom in Kopenhagen... hrsg und Kommentiert von H. Suter (Kobenhavn: A. F. Host 
and Son, 1914), p. 165, no. 404. 

LJU Ji>Jll ;*^l jJL^ 'ii^\ ^ JiJudI ^LT ^ :L-ljJLJI .JU ^ .UjuipI tiJUl <J^\ \^ 
.-iJ>JU ^^1 J.JbJ w^lsr ^ ^^ jAj iUjUu L-j YV oj^l iViAl ^Ul i(j\^^\ *-i^l ^^ 

.-L-iJ jJL^I (£V) 



tU^lL ^1 c^Ut^I ^j^^j J^\J^\ dlXi}\ l^ jjJb ^1 aSJ^\ ^jJcu ^Uyi iiUUJl IJu 

«.-^lj-« j_ji 4ji*^l (5jLJ 4.j.Ij>UJ 4.4-i IS (1)^^ (^1 tA^U- jjp S^*tiJ '(^^' M^ (>• 




(M-r)^j jsLiJ) 






M\ 



^'^>ui jC^ ^1 SLA (i) 

(^>Sii ^\j^\ oUjA ^jj ij^\ Ai^ ^^ >Ltji ^1 <^a- t^jui ^1 01 

A>^j .jS\J,\ o-jUtI iJ^SlI ^ jIUI ^Lii-Vl ^> c-J1aJI oUi*l Jj. 




:yiiJl iltAiSfl cV:^ > V-*^ ^^-'ji' «^^ - ^) r^J J^^l >') 
Jp ^L t;^jA j-k. c^JLJIj cjy-r:^^ ^^ J' V-^^ i^-A' J*'-^' cM' ^^^' - 



Victor Roberts, «The Solar and Lunar Theory of Ibn ash-Shatir: A Pre - ij U Jl (lA) 

Copemican Copemican Model,» Isis, vol. 48, no. 154 (December 1957), pp. 428 - 432, 

. iL^Jl dJlfi j.,a:Jt ^jfi. Jb-ji iL^ ITT _ IT • ^j^ U^^^-^ai-j 



MY 



4r« <^j \^}i Ji*ll vULUJi aki. Jl v-JL 4iaiaL. Jj4 0^. t^JDl J5lil ciiUJI . 
(iJULoJl 4jlUi4 AJaiii tiJLLiJI iJU JflU;* Ul .U^ u^:^ n ajJoj «_tf./?i Oj^jj cJJUll 






^J ^'i^' V^*) ^2 = 8; 16, 27 6>i . a. .a,; ^^ t^JUl ^iJliJl dLUll - 

dUi ^ UjJ«-* ^>^ r3 = 1; 41, 27 t^ dsAJ iJLj (^JJl -^IjJl clUUJlj - 

.U^ 0; 32,54 ^^jL-j 

^ ijA\ yu^\ >i > a..^; 0l5j cCJllII diJUil ^ U>4 ^1^1 ciJLUll 01^ llj 
yljjJL iu^JI «JU JJLf JLLP 4JUI ^iUll J-^ cl^^ 0; 16, 27 J LjL^ ^1^1 ciliiJl 
1; 25 Uil^l S^UI ^ cX^j tU^ 6; 35 itiliJl S^MjJl jiai cjL^ 6^ : 4U...,,!l 

. Ujp- 0; 16, 27 ^^1 ^ i-jUfl) 0^>^ tUj*- 



^jLj; :ip^^w ^j^l Jlyj ^lit ftUt ^U3l 3^^ J^^ JiJi! viJULiJi ii^ 
^ J-4jt clLUH 1JL> O^j .fjJl ^^ i>-ji 0; 3, 10, 38, 27 ^y^j ^^^jULJI Is^j^ 

. -c^^p^ l<5y^ Ll. ^ UU! ^1 ii^Ait 

t^j^i jiy oUL ^j t jjVi dJLUJi^ ^uJi ^^ j^ j5ai .null ^j>^^ - 

jJkJl ^ ej^^^' -r^' "^-r- f>^ <J^*^ cf*J ' 13; 13, 45, 39, 40 UjJj <Pj-uj 
J^Uj *S'^y>»j VJJ^^ ^y '^^ -r^' jdJ-^ '^j^ ^y^ JliJU <;>«^ . jjJJJUJ! <^j*^j 

. 13; 10, 35, 1, 13 ^j c J>JI J J^j^\ ^1 ^^^ 

y^ JpSII j,-JiJl ^y £J^^ iS^y o:Ai^ ftl^L ^j tAj ^^i -i^^ J,^ jj-Jb (iJ^l 
Sjji ^ UIjl^ jl5j t2L^li-l ^,^1 lSj>- \JlLm j^^-ft— J 45^1 oJL* cJli'j .^^Jiill 



J^ Ml .-jt <;! u^u. ;li;^t>l. J^Sl g^*.^" ^^ J^l i-V «>- JjVl ii.-Jl ^ > ii, .a . (oT) 



Mr 



iyA\ 'aSj:>- ^^ c J5lil dJLUJi aku Jp ^1 l4x^ iJyt j:}\ r<ju\J\ aSj^\ _ 
A>-j3 24; 22, 53, 23 J^UJj w<;li ^Jdl jS"^ J^ ^j^l Jl^; tUl ^ikj*-^ ^^^ ^j 

JJUii 2^-^ IfV t^j-Jliaj iL* Jp 1^1 ^JLUI ^\^y\ Jp V" "^^ ^-^ «^! 

Jij JSClil) ^^^-**JtJl «^ fU:>-Vl i3U- ^y ^^1 jj5Cj UJUJiJ . L^. L^ULl U^l^ Jjp- 

^1 j-^ u^ jl c^^oIml jdi ^...a-.Ji JaiLi Jp j^i^i ^ 0^- 4((\o - r) 

^jdll ikJaJl jJJbj ^UJl JS"^^ jUl p5:..Al iai-l Jp l^*^ dj^ t J^ Ol ^LUl 
Jly ol^L tjjai dUUl ii^,>^. L.Jl:^j .^j^i iki: t^l '£j^i <iii3 ^ L^LJ 
S^lii ^ OliS'^l (JUU ^.^tA::; IJlSCaj .^Uil eb^'^L ^^jdl villi ^j>^^ ^^J^i 
i3^pw:j t^JJl ^Jdl A5^^>*i Lf^^ C;^^ ojUJi ojjhUi Ul . i*^Utl ^iS'^j ^^^l jLju 
>*j 'u^j^' *^^ (^^ '^.J^> ^.^../t-^ Jl j^\ J^j t Jilil cOUJl ii*^ ».fl».,A. 

(J^ Ux^ ^JlLl ryi Jlj c^j^^.tJl «^ J-Ul^-Vl j^ j^\ dj^^ UJlIp r-jVl aL^I 

ol Jl tC^LlJl j^l JU^j c->^>- 4; 56 jjbj) ^U:;^VI pb*I ^j^ULu aJU^j ^^JJI jJOll 

. ^yJl frl:jl 7; 40 (^j-^l oIp a1-j 

^^ ^^Jk:J (l)l> ^j)l\ ^ j^l AiLI ^t*-«J iL^I fiJUfc jl jjb ctDi jA j^Vl jSCJj 
^j^j cjLa,T,..^Vlj f-UjL^-Vl ^y ^^^1 j^ L»JLLP U^ 54; 50j U^ 1, 5; 10 ijX>- 
<Jua} L^ jj5^ ^_^l ^lj>-Vl (j-^ '^>^' <y <^j^ Ujllp Ifr^ 52; Oj Uj^ 1, 8; 
iLA Jl l^l y^U [aXa; c*iJb- JL5 iL^I oJU jjSC? ciUJU .Uj>. 60 J5lil JlUll ^ 
Jl Jvaj l)1 Jl ^j il ^y V-r^ *^^ j.«iil ^-•— e O^ tT'Jr*^ ^V* t/** * ^ ^ joiiaj 
<,«>o- e-4A-> Ait^j ^jVl Jp JL^l^ jJ-j oUw^l ^U^I ^^1 J*^ U ti^^a^ 34; 7 
Jp cOjd ^1 ^ UujJl ftJUb 01 .JL^^ ^Ut ^Sj . JLiL-*yij jl^^Vl ^Uil 
AJL^I J_^-J4JJ ^iUil ^j-uiJ ^JL>.I— <1 aJV 4ji»LiJl ^l iL^ ^j^yjS ^Uufcl t«j>-jVl 

jlS* t^iJl ^Llll ^^1 c-^l::S' ^^ ^U J^Liu UjS'S ,j^ Uijj cDc Rewlutionibus <t\:S ^ 

/*^^U^1 ^1 41^1 J^- ;iydl J^ ^yu 

UUJI ^1^1 4tJk - 2, 

c((r _ r) ^Jj JSLiJI) LLL- l^j ^U- ^1 tLLJl ^\^ cT-J?^ '^ <^1 
JlSLi^l iJLfc j^ 4jLs-aii-Lj .^^1 JjUl* JK^l jjhj tLw-Ul Ijb-lj Vl5Li1 ^j^-vii; 



Mi 



ftjS'j^ jM^ V jj^ dj>- hy"*^ *^j^, ^j>^. ^ ^^ ^^ o^rk ^-^^ ^^V J*^ 
jiij . ^j^l yfc L^ U^- Lcjjl* U-,-P- cilUIl ^^1 L. I jj UJ» J:>.i-i iJU^j . <_;.^li-l 
^1 JjLx^ Jl5:-il IjJiU^. Ol Ljila-l^ l>Jjl^ ollJ^ 5JLP c-)yJl dlUll ^UU ^^1 

Jjl 01^ tAJjU>ij b^ j^l JLJL? ijU-3^1 JUjp LI (1)1 yfc O^ll ^jisi- ^y^i U b\ 

y\ ^b ^>Jlj o>-Jl J^ p.>>j . -u^ JJ-I ^S Jl J^^jJl Jp «-JliaJl *i^ 
^^ .^1 Jju. ;JU jUj^l J^ l>rj^ (M - r) j^j J^LiJl J JL>J 

H ilaiJl ^y jdJ-llJl *iJLU 45'^ Ji; Jl ^S^}i U - ^iaii^ Ja^ ^ J^l - -^^ jr-^l 

e 6>j ei-AJ t^UI ^^Jb- .UUi Jp (1)^1 iJ^^-o^l B ikaJI Jl J^ai dlUJl Jp 
L,:! iiL-fJl fiJLfl i>«-*tfl^l ol.;,.^4-l j^ , ^j^j;4»IU> jup u-^^^^I J^j-« ^Jj^ jL-^ 

L^...,..a.i H iJ^pmlj U;..j.; tH iiaiJl Jj^ 4jjl»wt i^j^ "i^j^*^ t)' fi jiJ>^^ «iiUJ «,4-^ 

aSjp^ ^j^ ^j^cij 4H tjSy t^JJl iti^llll y^Jdl ilUi liUr 131 tciJliS Jl oUyu 
ciUi >^ B ikUl jJLJ Ujlp i^\A\ t\J>il j^j 4^j,,.J.U. JLiP Ju.y.1 dJLUll 
j«-4 JjLu Li lJL*j .D ^^-—11 JJLn-* Jj>- ij^^i-^ *^j^^ iijj>«ij Lr*^j V— *5'jX)l jjjJIj 



George Saliba, «Arabic Astronomy and :^ fj^^^^l IJL^ h 1 *t .S 4_-.lji •*-Jr>J (^O 
Copemicus,» Zeitschrift fur Geschichte der Arabisch - Islamischen Wissenschaften, Bd. 1 (1984), 
pp. 73 - 87. 

. JL51I IJu y» <Jiju.j iji-U j,-«J]| 11* j^ ^yLJlj 
George Saliba, «Ibn Sina and Abu 'Ubayd al-Juzjam: The Problem of the : j ^ ■< ( o o ) 
Ptolemaic Equant,» Journal for the History of Arabic Science, vol. 4, no. 2 (Fall 1980), pp. 376 - 403. 

.TA* ^ iA^ jxA\ :Jiu\ (on) 



Mo 



^pi^ L^JLiJU dUij cSJb- J^ ^^ J^ iLA ^_^ 4-*^l ^UjVI JbJL^ Jj^-l ^ Ua^^ai- 




c J-UUl cliUll J i^J.\ ^jUtl ciJLUll ^ ^y6 \^\Sj Jaii jJl: ^^ dUij .Ulv 
(^jj |JL>- A3jyu« CJlS' <JiUil fljjh . (^^15 jiJ^i^ <.iU3 Jl «^L^ jS'j^ ik^ *-^^ 
^j^ SyLp iJliJi iJUll ^y JjSfl J-MfliJi ^ <'ij^^j^y} Jl Wr-** ti-J^^ >♦* -LT^Jr*^ 

r-jUi-l dLUll JlJbi^ i,j^\ Jjbuu iiLdl A^Ju^^l Ji'Lill J^- «.hT.„t aj1 t jL>-jj4-l 



Neugebauer, «The Equivalence of EcceDtric and EpicycUc Motion According to :^1 (dV) 
Apollonius,» pp. 5-21. 



Mn 



''''^j^\ ^.0)1 -b^ (Y) 
^ ((\v - r) j^j jsLiJi) B :ikUl ja: v-^ ^ ^- ^yJl uT, u^ :U5:jLii 

Jp J-^ 45"^ Jij «^ ^_^lj cUiL- UU^S ^1 ^y^j^^ <1^^ fla^.i-il j»ii 03 
.jSj.AS Jilj^ ciLii J-p* Jj-^ ^^OJ dUJ J^ i5^ Jl >5>l ^jU^ ctUJ 




^JLj J ajSI t jLrjji-l it^ ^!>L^I S^L« JjU- Ji3 j_5^^l jt 5jjj-^U j^^ M IJuj 
Ju^^; i:^^ ,^y^j^^ iJiUw 5j-iLi ^a>w-il aJI ^^^ju jl* Jj t<j^^l ^ u^j,^' 
klLU Jl TD = BH <L.15C j^^l ^jji^ jlJli. Jij ol aJLp ^^ ot ^y^j Aj^^ 5^ Jl 
aJ ^_ ^j . iaii ^\ i, i.^] yh i^JUl KD = NB jlJJl. JiJ d\ J^ c ti^llJI ^^JlJI 



Saliba, «The First Non - Ptolemaic j u; ■ ^ » ylii' : (^^ 1 11 ^llt 4JLm. J>dll) ^j-»Jl 

Astronomy at the Maraghah School,» pp. 571 - 576. 



\iV 



j-U-l cULUJl Ai i3^;>^ (^iJl jjiaJi ^^^j «l^*yi ,_^ iJy^ (1)1 BOH ^■;..^ll jijoiil 

jlw ct>JL4 cN ^^1 t^i ^^JusJl ^^JlJI villi iS'^j *K ^J.1 t^S tJbJui-l J^U-1 
jjt t^JUl ^^^-^JLk» JLLP Jl-U-I diiiJ ijL>- U-^:>L. Lj^ ^^^ ^1 O ikiJl ^u-^y 
j^UJLp a^ tLfJ <^yJl cJLl::^! Jbo 4^1 jl JS^lJtu il^l oJL* aJL^jl-.! jiSj .EZH 

^_^L^I jUlI (1)1 0^. Ol t^^l Jjbi-- ^b Jp ^_^ ^ 't^j^l Sf' ol^j 

^y^^ (1)1 aJLp (1)1^ .D J--1I Jjbc* <kiJ J^ AjjI-*^ ^^y^ (^ AJlS'j ^y^Jaj O iiaJLU 

cfJUUJi ;5^y^ jjiC: Ol ^j _ i-^j^l Jpj^l J..nfli OLJLj NKj OD Ct^l ot 
. uhJ'j^ '^'^ - c-^' J^^' "^^^ "^-^ '^^^-^ '-^-^ "^-^^ -«^^ 
US' oIp aj JL^i i«^ J5Li Jp iJLlI ,_^yJi ^j c cJJL^I dUi Jl JmSj 4^j 





E Z B A E B 



MA 



u^Jj BDj AG ^\^a^\ LfJ J5L1. ^1 oVbLl ^ ^^ AB ia^JU Ljl^ Lih 
c^\S lil Ljji OU^I yr..^^ AG = BD Ol U-,^^ li^i .AB Jaitl ^ OA^*—^ 
DBA OLdi-ljJl JbLLjli^l ^^ lil jl 4ui::ijL-JU GAB Ui-ljJlj DBE i>-jU.l 01:^^1 jJl 

LlJL^ J^UaJ Jl t^ijj AG iaiJJ iSJ\^\ DZ Jaitl j^j 0^ ^ij -ui^LjjL^ GABj 
tNK JaiJJ Cjl^ U5li j_^. ((^ <\ - r) jjj JSLUl) OD JalLl Ol uw Ot JLaJ 




^ W c^i^'yi Ji (^iji br 4u^^i y^jb- ciiui \^^ dj$c} o ikaJi JU-! j^^ 

AijJ- fjj}\ jLiI jl lilji^l f U i^jx. 4^j*il 6l^j . ^jy^-Ui. Lf^y ^_^l i^jjJJl 

^\ - y^Jdl _>5'j^ L.Ij» : jU-^l IJl* ^y <Jli Uj .i^ ■!■?■■,.; jl Lj jJu^j . ^ JjUil 
S^IjlII J^ Jj^^ -ul JU J^ - [O^ - b ^j J5LUI ^ O] Sj^ill L^Uil ^Oai 

^ Ljji <Jj5'j 4 4:l« Lt^jil j j-.aJI ^^r* o^Liul jJxpI ^^\ _ tjulLi>Jll <j Jbu j_^ S^l jJl 



\i\ 



(■\0 



iL^JI (1)1 iSj J^ cT^j*^' U^J^ * '"^ JS*^ iS-ii-l ^y j> (^jJl i ^jMj^Jiiau iL» 

(Maestlin) ^j-h-Li ^ oij . J^U-l diUll syb J^ j»Ij jLiI ol tk^ j,-*^ ^^ JUl j> 

Lyb ^^ jLII j! (V,4) (juj ^^y^ oSf* : Ojy aj^Aj Jl_p- ^-^ JL*j (Kepler) 
j^l ^j /"^^^«Ub. t^^'b . . .^-^^1 jL-^ jl j*Jfc>u 01^ cT'-^c-^ '"^^ . . .L.li 






Noel M. Swerdlow, «The : jJiJl c^^Ull ^.JL> -j^, ^\\ ^'ic^H\ JUOjt Jj^I ^ (nO 
Derivation and First Draft of Copemicus*s Planetary Theory: A Translation of the 
Commentariolus with Commentary ,» Proceedings of the American Philosophical Society, vol. 117, 
no. 6 (December 1973), pp. 423 • 512 and especially p. 469. 

Anthony Grafton, «Michael Maestlin*s Account of Copemican Planetary : j b , ;l (IT) 
Theory ,» Proceedings of the American Philosophical Society, vol. 117, no. 6 (December 1973), 
pp. 523 - 550 and especially p. 526. 

. flYA ^ 44^ jo^l :Ju\ (IT) 
Copernicus, De Revolutionibus, translated by Charles Glenn WaUis (Chicago, : jJLJl (*lO 
m.: [n. pb.]. 1952), p. 743. 



\0 



i^ j^i) ^>JL.jJi >LiJi ^ij (^sn^/wi^ iL^ jjdi) ;uu^i jjL^j (f^r^^ 

V^ J^p- jj-b (1)1^ ^_^L-Sfl ^I^Vl O^i t^UJl ^2r^' J' <-— iJ^ ^' .i--JLlaJl 
j^ Uul li* ^>5:r ^ti "i^^ UL-jl ^1 iLfll J Jxi U5j .j^ljit ^jU-l il^^Sfl 
.(5^ US' t<^^! 4ljh j>«-^j tjj^jVl jS*^ Uil^ l^!:Ail j^lj^ UjSC; iu* ^UJ 

^1 ;^uii ou::>uJii . i^ jia iJLiii ^u.Sfi ^ ^i s^h^jij j,Jl1j ^^^i v-^i_^ 

ciULL Jlif ciUi J^ j *i!>lil ^ ^>i .^^j>wJl -urjil Jp J^j iitjUl iLA ^^» 

.[U,.,.,T>i (Y* 
JiJil ^ J5L. [(Y ♦ - r) j^j J5C!tJl J QH >iJl ^i^ Jiir] 6U dLU ^^^^ 

> ^'^y [(Y • - r) pjj J^lJtJl ^ H 3^>l olS SylJJb Jiif] vUU dUi j^jij 

. j^Lti ^y^j^ cu> ocL- [(Y • - r) j^j yfj^\ J R 



George Saliba, «The Original Source of Qutb al-Din al-Shiraa*s Planetary : j ^ -' (lo) 
Model,» Journal for the History of Arabic Science, vol. 3, no. 1 (Spring 1979), pp. 3 - 18. 



\C^\ 




(Y»-r)^j J5LUI 






. jjjdl ,_^*— jj tfrj;;- 1; 42, 30 ft^^ Jwi 



JSLiJi J O j^^l cLili SylJdL Jl/] ^Jdl ia^ Jp «J^^ ^^U- dii j*Jfcj4> 

^ j-*j] y^-^^ ^^^ cr*-^ i^l^Vl dUij 6; 30 o^ c-i^j t[(YY - V) ^j 

. «jijaill aliL. jp ^kaJ fjM j^j f^ /^j 

:t5>Vl LUJI c^l/Jl :jI^ Jp 
JU^ j5jLI ^jj> U-iJ LjL-^ e (3^ «i^j^ c NO = e/2 J t HN = 3 e/2 

^1^1 ^ JiU; ^j HN = 5^= 5; 7, 30 Ot t5> ''^ J^j V^^ ^^l^ J^ 
LLc ^j tHN + NO = 2 e = 6; 50 Ol ^i >p g^^ i3NO = 3. (1; 42, 30) 



^oY 



. Uj;»- 3; 25 jJb (JJS\ ^j^»Mu jlp jS'JlI 'TJ^ *,^in.,^ 

y.iUJLJ Uj c^ t(Y • _ r) jjlj J^LUl J 4iA\ ii!AiVl ol^^ oUUtI Ut 
j:*^ >*J '^J^< J'y •^^ fJi^' 1/ ^J^ 0; 0, 09, 52 ^Ip^^ JjMI dLUll ii^^*^^ 



y^J ^^jj^ d^y *^^ f^* J ^J^ OJ 2, 0, 26, 17 ;p^ jbJl dUUJl ilj>cjj 

. QH >i3l V tf.,^;< Jir 

cjy^l Jl^- ^_;-^ fjJl ^ ;>-ji 0; 2, 0, 26, 17 U^^ i3^;>^ ^liJl ctlLUlj 

. HN ^^1 Ul^ Jlc jjb J 

AP^^ cjU-^ ^yfcj tfjJl j^ <P-ji 0; 4, 0, 52, 34 ip^^-*j ii>>*ii ^\J\ ciJLUilj 

.NO >i3l >,tf.^.> Jlif jAj c JljJl «UL t jWl iilliJl 

c JljJl •Ul ^jJI ^> irjA 0; 57, 7, 43, 34, 22 Afj^^ ^j>cJ ^^UUl cULUJl Ul 

• ^ J^ js** y^J 

cUULUI ;5^ JJU. iij>,ii tH j^Jil oli 5^1 jJl Ji c J^LLl ciJULiJL >LiJl ^1 4,.,,... 
^ U-i Ol LJL^ <>~ llfcj .^Ull oUMli ^>^j cQH >iJI ^i-^ JlJil tjslll 

.l^-Jj ^jSfl 3^^ Jj^ d>l\ jjJb QH ^1 cjlstfi d\ SI cii- 

.2x J :ujU^ HNO <jj\^\ dj^ 0-->*^ tH ^JlI ^^i J^Ul dLUII ;5>. ^U^ 

ciiili . uHJ'^^j uiijL«JLi QHj NK OUajLl 0^ tQK J jl j^j jL-ui NH jl Ujj 

.KNO 4ijl^ i,L-> Ujj-b ^ji^jxJ ajjL^ KNH ijl^JI O^i 

ISl Ail ((\ A _ r) ^j J5LiJl) oUt *^\ ^ U.U clJI Ji b\S ^yJl ^j 



^ Ly N ;]aaJl cJLrJ ^y>^\ IfJU J-.-a^ ^^1 i>-^l ^S^^z^\ ^ tHN ia^l 

jlS'j c^ijjo OLS" 4J| ry-i>y, Jj^ *j » '<.5-^j^' JU-pL Sj-iL* Ojjw* J^ jI>LlJl 

".j^l>l o-jl^l ^^Vli ^\k:A Jp o^i 

J*>iLL o^]^l >LUI ^>^l iV* (>^ ^^' 0^- (^ ^ - ^) p^J J^^^ -cr-^^r^ 




U-j^ {%-lipSfl <-^j^l t^^l <2j* ^yii .i^JUtf^l ??5l^l t>» <»«-^ *^L \ tk,jf\^\ 3ij^\ 



\di 



(^^Y 



\py>r 60 ^1 cjL^ jOi d\S Bl iais 0.005 jlJLi* OZ laitl ^J ^ i^J,\ ^ 



^^^yj>LLJl^l(0 



jejui^ ^er--^^j^j >^> oi^ cr^ Oti (^^ - ^> (^J J^> ^ iiiii. oai 



(nv) 



Dej Commentariolus ^j^^jjjS mLi^ (_^ *^L>- L» J-p 



\l 



r-Jc^ 



^j., ^.ril jSj. U^LUil ^^^^ :uL^ ^ JULJVI J.^.-tIj .Revolutionibus(WA) 




(Yt - r) j^j j^Ijlji 



Swerdlow, «The Derivation and First Draft of Copemicus's Planetary Theory: : jjLil (11) 
A Translation of the Commentariolus with Commentary ,» p. 469. 

.UJL*j Uj ton ^Jfi iA^Ju jXA\ : JiJl (IV) 



\oo 



«-*^ <l)t ^jjH US' lij ,^^^jjjS UllJ ^l 5ju^I JI cUiU-it Ar«^>*j tji>LiJl 



b!!^ ^1 ^jH\ cJi^\ (Yt - r) j^j J5CiJl Jp Lwj AiJ cj,--ill 11^ L.l:^j 

tw^j^ -ijll ^_^^ frj^^ W*;^ V^ ^^^ f«-^'j ttb^rV-""^ c5^' »^^^frJl (>i ^ilScJl 

. ^jyJJai 4L;h ^y S-^j^jJ' ^Jl^UiibJl J a ./ttT <1>I <1)j^ P 







(Yr _ r) ^j ^\ 






^01 



A>wJl oJLa l^\ ijL>- i]jil Jlii ^LiJl ^1 Ul . ^JMJ^A\x^ JLLp jS"^! t-Jj^ <a.y^\j Jju 

Sjjj^ ycJLi ^ lili ^ Ol ^.W:...; iliJJJ .4::^' ^y jS"!^! 4>-jUi-l iJ^^USfL AJiUia-V 
015 jU^l 11* jV ((Yr - r) ^j JSLiJi) NKj OD Jai^ t5jl^- Jp OU^I ^lil 

^^. ^ dJUi^j . ((\A - r) j^j jsLUi) ^^1 i^u "^1 oUi v^i ^ j^t ji 

j^^UUl ^UUI ^Jl ^y ^\ SJbJiJl ^^LJI Jl L^jL- J-.,.; cJir >LiJl ^1 
oJ ^1 ctjUi^^ ^jL? ^^*..k JUSCi^l Lfil Jp 1^L1«J JliJL ^>5C4^^ . j^LJl 
Uj . A.A./iil jj-u:j W^J /*:^"'"' ^^ (j^J^-H^ ^V* ^' • ^LmJI AjtAiJi OjjiJl J!^ 

JiLio l^ C-»li%Jl ^ ^ j^^^LlJ l^...tfj Ajj^l jiUail A--*lji Jp L-^ jl Vl Lip 

JsaJ ^_^ tAJaJj^Jl jiU^l i->-lji Jp c-*5ci c)lj cjUxil IJLfc ^y L^lJL>si**.l J>-a f'lj 

LLJI «^l^ ^>)l iLA (d) 

.jJsUJl ^1 ii-jfc 4j c.la.Tjl (_^JiJl JLJLiJl ^ cJJb*^ .uLaii ^y cr^j-^' ^r* <^^ 
jlJLS; <^^^>- t ^^j.jaJJaj 4jla ^y J^J^I ^"-^-^ t-ft'/i'-: jl j>» Vju ^_y--._^l 01 liJLlij 
«orjijil» J«^j c((Yi - r) j^j j£Lj1) ^...Jll l^\^\ <zi^ j_a^. 'cH'^i 

^_^ jiJ'AlJl «iJUi Jj^ LaJJLP ji—il JjL<c« ^y* jU-J^l «-iJLii ^j^ 'r'j*^ i>l.;.>o iJ^y>w 

iJj-*^ ^J^ Lg- tf .t «A5»-ji_)LU L«l . ^A;.A-^1 Jl aJUijI jlp -cp Jjcljj t^j.^al.Ui ^jl 

Ajj.i...,-a d^lS'j^l *^ Oj^ iJjJJLJ i>wjj '^nr^^ Jjjt« iiiAJ o_^j^ <3i^^ '•^^ J^ 



Grafton, «Michael Maestlin's Account of Copernican Planetary Theory,» : j ^ ■' (lA) 
pp. 528 ff. 



\oV 




(Yi»r)jjj jsaji 



^jUaP A^^ ^%f^ - ^ 



Cr^j^ o^ 



Vju 



<ji*j| uyw»j^ ^y ^j 



tfjSfl ^2;^ V-r*i ^' <^j^ »ro...T< tj-^l iLj 



c^^i ^jULi jului ^^j ^uji ^^ ^ t^i^i ^ j-^i^i iiii.1 jp jVi vjuJL. 



>oA 



i^Utl mJU^I i*-ljjJ ll-^jAj (^JLII 4--jij ^^^^1 ^jJl JbJ^ yk t^j^Jlkj iL^ cJlI 

J^I cj\^^ SOp Jl oU^)/Li tijUaP 4Ljk iiild uiiJbii tl;:^^^ cT^J*^' O^^* 
U^y <> C^J=^ ^^'^^^^^J^b C'-^' cM^ •C5>^1 V^l>:)l OIL^J 4L-.lji ^Ul l^ 

(»jl;c1-uj .d]!:>UVl dU; ol^^ ^^p 4...A:S« oUi^^^U. ^jA ijlkp ii^V ^L^ 
L^j-p ^\ AJL--fJI «w^ iL--.L^ ilJLJi (S^j UJL5 iSJUJui.! ^U^j^l ^^j-^Jl 

^1 JJL*.. ;^jA Jl^Lil (X) 4<. ^ULl 0^^ j^. ^f jyt Jj;^ dl^H>c. t^iil J^U-1 
^^ J^U-I cfJUUJl i3^;;>^. j^JJl ;^}\ Jp Vj J-U-l siUiJl ;^jA Jp jJai. ^ ^JUl 

viJUU3l :^^p«. c((Yo , r) jjij JiLiJi) ^jjJLl*. iL* ^ . J^U-I ^LUll il^^^. 
<i»^ Jl ^J^l J^ ' J^j^ e^UJil «UVL B ^Jil J^ i^^i-^ :;ry- ^yj c^.jdl 

joj cG o ^u-i 0^5"^ 6j>- ^uii tUNb iij.>^ -LwH j-ai .iiiiji ui .T 
^uii ftUtVL i^i--^ ;s'yhu iJyi Ajts'j jjLj K^j . c ^iaJiJi Jl ^^jdi iiJLU js'y 

iJ^p^ jt u-^^ L. iJUkj .^^1 JJa.1 3^y ^5* t/^^ ^ ^^^»^' <J^ Ji^^ "^J^ •^^^ 
Ixi Lshu^lj liy- J^-i^ U tG aj j^Ul-1 ajS'y {ij>- ajjI*^ jjP aS'^*^ J^l^i iiJUiJl 

^ SI 4I4I- ^^ ^ ^JLiL ^ <jjjJL11 Ol^^lj 6L*^lj JU<9^I UU .olS"^! ol4:»-j 



.Trv ^ Jp ^. jui ii^jLi-.vi ctrA . rro ^ ,ii^\ ^\:s 

.Ye\ _ Y6. ^ Jp ^. JbJl il^JUL-Vlj lYov.Yn ^ t<-i; jJL^I (V») 



^o^ 



Jlf JUll will* 




^J^^d 



j»A\ dUUll 



(to_r)^j jCiJi 






Nn» 



JiUll ISjP^j yA\ ASy>- jj\ _ (j^jjSJiS ucSj^\ ji^ bJLi 01 U j»jj -bt Luty 
Ju.U-1 l^y^j i^j.u^\ iilj JlL.t Ib**^' ^j^l Jl^- Jl y.jdl ;^^ L^^ . J^ULl 
JL. j^^ Jl^l Jl ^^Jdl ^Jl J-^U-I Jli t,^-.*Jjl Ja-j cA*-^ Jl^l ci:>y- Jl 

ijUaP '^J^ ^J^ y~A>/i'> j_^ja)I iiU* 01 (^jj t i,.^^ J i cr*^ c^ j;»lU » Ai-A J^ 
bL^Lj t^^jjftllat JLLP j.^1 J-«l^ (^ J^^l OJI^ U^ tOjl--^ ^Oll ^y (}*->*i 

^j>c^ ,<^ J^ULl SSJ^\ \a\ .S ^iLiJl Jl ^jS/1 Jib ^ cB j^JlI Jj^ c Jljdl 
ctJJLi ^^ JuJ K A. ^ULI 6^^ J^ t^Uil «litVL j>SJj c^iji^ l$j>^^ UjI 
j^j>. ;^> 4.J^ y^oJl ctiii j5^ :iiiUl :i^>l o^- IJl^C^j .i <i*iJI Jl ^^Jd! 
cUUS Jl ..i^l .(TO - r) pjj j^iui ^y ur ti^ W v.yj cr-.^r-J^ -^ y^-^'^ 

y^\l^ jjt lJL>- X^^ji dj^j ijji*-ll i^yJ-1 ^t^^L^ »jt \j»\J *->*--1j j^jjJl il-Jb ol 
/u|Iij j,J .«X^IjJI Jp <JUl« OjjL ^,--m*j f-^^f^, J^ 4jJLi j«-Ja> ^ ^c5^ Uili^ Ij 

tjw Jiij . Jl^ l^JLp AjJL Mj (iLS I^JLp jj-J ^^ji»j Li-jkJLi Ol5'j)» : Jji-i j_^jjJI 

^.Jdl c^ ^ ^jLkp v^^ iLj-j <!*> ^^1 ^^l^\ JUI viJLUJi ^U L.I 

j^ Ujl:lp I^ipIw? Jl ijj«i ^yM ibij tijlkJ iLA *-^j Jl Jju Jm>j:j i a^L •j^'JbJl 
. Jai clAJi Jxii jl <:L JJ; oSf! ^_^ szjjpr ^\ ^UjSllj /""^^^i j^y -J 

^jlkp ^j53 ^^jl>!JI J;iJJl c-Jai iLJb (T) 

(E. S. iS'^^r^ • (j-^ • ! ^ J^ c,...A"a.* J^-i^ « JJ^ l5j'j--^I ^^ ljL^ j ^^ JLiJ 

^ SijIjJl (iJl^^t-iJl Aljb Jpj ci-^jJl ciJJi Jp Jj U-i JUiAJ ,>>*ij • Kennedy) 



.Yov^ t4--i; jx^l (v>) 
4:»jlW ^ Uj» i-'iv UjjJl iH»6 *oUj-i :a.>jt lOoJ) s^JUJI ^^ ^>Ji J>ii (VY) 

Jl ^jll dUJb 4iU-t *^i JU; 4UI ^^. 6b . j-i*^ *W '^J U^ -^'J W V-r*^' (/ -^^^ 

Edward Stewart Kennedy, «Late Medieval Planetary Theory ,» his, vol. 57, : j ^ ■' (VT) 
no. 189 (FaU 1966), pp. 365 - 378 and especially pp. 373 - 375. 



\\\ 



IJLflkj c ^^j.;.4.i.Uj JU^ jS"^! rj^ J^ (i^l i^^ (>^ rj^ B •J^^' '^-rf ^ J-^^i 

(1) . ^^ji.<i llf»> jup J^J^' r^J^ *' '^'^^ Jil*jj r2 — r3 = r4 = 15 ajjL«i.« Sj^w ./t^i 

.j^jil ^jj>- J-iLw Tfi 6^ cjUoj Cj_^^L« dUi 




®o 



cLfJ (Kennedy) ^^.L^uiT c^L^j <...— *^ Jj US' ^^ *i!>US/l aIa iji^LS*^^ L*t 
:u^,i--^ ^S'^^^.j Jl^l t\J\j y^\ vlUiJi li^^^wii : U^l ^y tij'^l •-^J ^T ^J 

L«t .J-5jll rjj-=^ J^— ^ fijJa^ s-tf ..rt > (^JJl j_^iL-Jl dJLLi-ilj «^_^j-laJl j_yi^ji^U 



Mt 



4^Uil oUML 4Sj^\ sUUL- ^JUJij ^j>cj (Sjk^\ lj:S\ d\ ^, li* . JljJl ci!Ai- 
5^1 jSj^ Uuj ^ J^Ltl >i ^a.^; J* ii^- ^1 F ikJLJ! .Juhj . J^LLI ^ 

G j^iLJl ciUiJl ^j^ ^y^ l)1 ^ Ui^J^jJ^I -^^^ ^^^r»i^J •J-*^^ ^ '-<-^ ^^-J^' 
^1 3.,,^ 211 i.j^ BE JaiUlj GC = Ffi ^iUl diUll >j >^fl./i; Ji4 aSj^\ aJLfJ 

. Owaj.,^1 ^y jiJ'J^l ^^ ^j^ t)^ «^-r»" t5^ ' *ia*-J 

L:^ lol^^l oL-^Lj ^J 'UA\ ii^JLi-l oiiJL ol5^1 oJjb i^i-^j LjLi lilj 

^ kJl^ ci5JL;LP wii^lJ tx UjJij iijiji iiyt Ji J..y-1 dJULill jI l;u^y lil : J^ 

S^l '^j>*J i3^ Jl3 t JjVt i^^^l A:»-j^^» ^ t^jiwaJl S^l Jaii Ul^ y^j <,T2 

r3 4j>ciH i]j^>wJ t^jiu-Ail 5^1 i^>s- L.I . X UjJli ojlj^ ^Uil ol^VL (^^^1 
dU t IJUJI «4_^jiaJl i^j^>»» (^ ^' • 2x UjJii ljj\yjj T2 <SjJ^ ^LUl oL?iVL 
A>Jll iijiNujj tri aliil ^ ^\Z t2x UjJL* iul_^ {Sj^^ S^l .^>^ ■^>>»^ ^4 a>mA\ 
\jJ>A . r4 «Ul ^ ^JM\A 4x UjJl5 ^ijlj^ u -l^"^ a-*^Lfc4 ^UU S^^JuaJI S^I aSj>^^ ts 

ajOj; ^UJI ^jA ;jA c^L* Jiiu Jp 0>^. 4iL4Jl oJub ^ tJ^Lll .iULiJl ;^jAj . J^Lll 
ciUbJ ajjLnw* ajjI^ L»ji -^^r^^ Tg <:>fcdl l)15' lij . ^^jj^LU.) jllp ^jil rjy" ^-a*-,^ 
i]^,>jLi <jkj jJL^^ A^jdll iJiA ^_^lj oyi tftU'yi ^^^j I Ju.LH ciJLUJi L^ il^pwj ^1 

L^JJh^ ^1 iL^fliJl 4j ^j_^ jl ^>^^ U^ jy^^ JJL«^ i^j^ Jj^ Aj^^I--^ aS'j^ ^J-^ 



s\r 



it 



■^^:v 



:.\ J. 



n 



'^• 



^ 



^■j 



.z-L\ ■(»..<( 












(r _ r) j^j \j^\ 

ijlkp ^^j j^l -^^j*^ JJ^*^ ^^' ^-^^^ cJLjli ^1 tL>^^5lJll cJLi^! cJl^ 



L^jJl- <:L*JLi L« Ll> tSy^ ■ ilJi-^j^^ 



^J^^^C 



Ui::;! ^J^ JD: 



IJL^j <^^ U^j .^_y^jJaJl <i*Jjl** JUjcL^i A^ iiixi-j 5J_P yljjJ iJLi*-* L^y 



^ni 



^jik*. c-^^ >ui jA iLA (r) 

. ^jS/l ^^ ^U- ^y Ly; 120** UjJi AjjIJ Jp U^ JS" ^" j^jj^i^u ot^iai; ^^ 
.^yJl Ljiij t^^l irji>'» tj^a^Si^j ^cr^^b Lr-_^l (>• J^ Ut^l 

^,>^/l * J^ 01^ ^1 j^\J.\ 4^jUUl ii:>U\l j^lJ^^l ^U^^ ^ ^jS/l j^_^ ^ 

jxjji) ^^1 oiiJL ^jVi ^;i u.a^ ;i^i j^ ^j V^^V^-^.^^' ^ 

JjUa-* oj^j^ 'l^>>- u>^^ J*-** fl *j-^ •^-ivaJ t JjLi dJULi ^jJ^j ((YV , f) ^Jj 




(YV _ r) pij jSLUt 



t>; 



I JU 



./i>i ;^jU^ u^u k^l i_^jLi^i ^^_iJt j5ijVi diu)i .ULi> >ui 



no 



ijla j^j .^>--jJi <j— iJi <^^ JiU; ;i^^po ji^i ftUb i3^^>^^ iO jiuJi ^Jl 

4; 5 JiLuj r2 6^ d^ ^ J^^' "^JULiJl ^^^^ c>.T L^:ii Aiikj. Jp Jilil *llUJl 

cj^ui ^uiJi j^j .o-^uii oi^^/b ^>5:3j jsiii •.iiUJi ;^^ ji^. ii^H>^^ j.^^ 

iU}>- 0; 50 J:»Uj ra 6^ Ul^ t^jdl cUULiJl ^_,.--u /UJLJ l^ cl^.n^; iiij^L 
dlUll L.I .Jx^j}\ ^j-.^! A^^ ci*^ ^j 4 Jsai .UULiJl Jt- cjljdl Jp l3^,>^^ 
*1j^>cIj ti^b 'i^J^ 22; 46 tr4 o^JJ ^a..^; JjLrj j^JDI ^^JlJI clULi J.«^>wJ ^Jil 
ciLUJl j_,^-«^ c^_^U- JiU ^^JLiil .^JULi iikL. Jpj .i^UUl ijUap e^^ ;lS'^,:>*j 
cjU-^ Jl^ Jl^l fil/L ii>>.::ij 4l»^ 0; 33 J^Lu rs e^ cjL^ i^ylt^\ j\ Ja^l 
clULiJl ^_,^^, cLiL- >-T 'KU 6jjJb ,^^liJ-l iiJLUll J^j .t.,ia--jJl <_r-*JtJl ;^^ 
^j>*j Ji>^i <^^U«j i3j^>>ijj 4 (.r^^t <.ilU)i jifti dsoj J^Uu rg ftjU t^jL/Lt i JaiU-l 

. Ja*-«^1 Vj:^' ^j.. ftM.il aS'^p- jJLii Jlj:Jl ol^L 4::S'j^ •iJj^j • ^^j>- 60 J^ ri lf>«i« 
4; 5 iJ> «D^ ^ J-l^l ^iJ^i J^. *Jj^i -^i cr-b c> ^^2 >T L4^j»i> J«Jj 

4; 5 JjLu /JlI ^j> ;y L-J JbJL J*jtj c^^u^i^lj ^jVl Ja^- «l^V jl^ *l^L 
n IL^^^ > a^,.n. i3>>*lj3 i^.JJlI Ji*j (^131 ra <^l Ut .ia^l Jl ^JlI j^ Uj^ 
r3 A>«iil ^Ij tjt tj_^jjJl i*-^ ^1jl>«i-^Ij tijj^—j (jjJ l)I ^Vit.,,..'>j .<-^ fll^VLj 

^ UJLicj t)_^ ^yi,^./>-tij ^J jfl ia>- ^^ iiaiJ J^ Aj^^S-u» iS'j>o i^js^ *^J J>^, 
y£jA U^ jjh ra -ujdll ^tj 015 lij . U^ 4; 5 - 0; 50 = 3;15 J LjL^ ^Ul ^^ 
^>^ ^ ^yLj j_^1 l<-^ <>«c::iJl Ai5'^ ;jfi' ^^ u^yyyJ^oj C-> ^ y^-^^ ^-iLii 
^ ^liJl jS'j-- ;y' AjPr\ <j!Aj Jbcji ^^JJl i,jyA\ Jjla>. ^j^ Jji- ^riJ-"^' "^^ j^y 

,j^\ Jjjw Jl^l JflhJj liSofcj . ^j^^^JWi i!LA 

90 Jij>' Xfu Jp V^^^l <J^ ^Jk^ t^J?*^ j^ J^. ^J^^ ^riJ^ «^^ J-*^ >*J 
5^1 jJl ^^ (^^A-,^ O^^i^j o^f>«ill ^;;jJl* 0* L*,^y IS} Ja?*^ L* I'J^J^j -^J^' <>• ^^j-^ 
ciJLii ^ ftUL ij^\ SyljJl ^ j^waj .^^e- i^^^^^^l A>-j:>j^» ^y 5^.;. ./1 11 



.Ji^J\ djjiW J^ USU d\^ i^JS\ ciyJl v-^ N^ u^.^^ C^^ 



Ml 



fll* ^LlLlI ^^1 iL* O^i ILU La^* US'j . iUjJI tUUlj (5j^ «^^ (^^ oUiiLdl Jjjij 

Jjj . SJbJlP ^*b* ftUapI t Jj^ (_;j^ ^_^ jUUjJ UJb- liijj 61^ ji»LiJl ^jjl OJ J^l 
oUl ^>.j iULiJl c^l^l iLjfc ^y S^ JjJ US' iL. LfA^ ^ >LlJl ^1 ^^^^ 

L-^tiS' ^ U^ - j-iSll Jjl ^^ lJL>- Lf-H^ ^^ ^J^ ijUop olS"^ l^--Ji iL^Jl ^JL>.i-^l 
. ^ /)e Revolutionibus v-^t^S" ^ l^i-^j (>-:>-vJ ^U -^ Commentariolus 

amj1}\ jJU^ t^^lj .ij^ olS"^ iLA M^ Ji JLiw ^^ 1 AiL i^lj-^ OjIpI vl-j?- 
olS'>. UjLpI Jli t^jl^l C/iJ^\ v-Jai Ol^ ^_^l iLfll JjA*: Jp V-e^* U^>^ 

c j^JlI ^jU- J^U JbJb- dJLU SiLj (YA - r) ^j JSLlJI ^ ;«eytJl jJLs^ ^^ 

L» iJLfcj t^^j^olUi JLiP j^^l KJj^ ^ ^"^* J*^ -^"'^^ tlJULUl ^j-* j^ F «^j-« Ji-*t«j 

<,dw .^ ^_^ *^j-^ <iJUUJl iJjb ijj>KZjj . ^j^^oAlaj -Up j^^^ V-^^ U^ *J^ < .. tf •> » j 

ixj^l jjL^ ^jLic^^ . Jl^l .ULj d)^" Irl c^I 'LfJ cOJUJlI •UVLj ^,jdl :i^^ 

J^U-I iS^ Ji*j ii^^^o cUJUJ! IJlA Jj*^j t^jjJLkj JiLP ^JlI rj^ cjLsdJ jL-^ 
^^^1 IJu iikjt J^ Jj-«^ j^ ^j^ tA^' y^-^^ "^^ *^l '^^-^ -^"^^j 



Swerdlow, «Thc Derivation and First Draft of Copcmicus's Planetary Theory: : jJiJl (Vl) 
A Translation of the Commentariolus with Commentary ,» p, 504. 

Noel M. Swerdlow and Otto Neugebauer, Mathematical Astronomy in : j ^ -1 (VV) 

Copernicus's De Revolutionibus, Studies in the History of Mathematics and Physical Sciences; 10, 
2 vols. (New York: Springer - Verlag, ''1984), pp. 403 ff. 

.^rr - ■'rY ouij>)i tSL^ii «^ j-jxJi ^^ t^-iytJi j±^ (va) 



MV 




jcki AjISj ji^kj H ^JA^^\ jijJ^\ jSjA 01 u^^ ^_^jjJI <i.srt* ^ljU»i-»Lj . j^w./tll 

.B ^Jiil ^j-« Jj>- tAj^^i-^ ^„p^ -^.P^ ^' t5' tAjjL-i« c)L«jl ^y ajjLmJLi UI^I 
Uj . ^^1 Jjbc j^^ Jl ;*--JU j_^j-JUaj a!La ^y ^hJ^' <^^ !^y ^ <^J^ (>^^ 
^il <;^^ 4^j-Ula. iij> -u oU ^^JJl oL^t^y j\yA 6UL ii^y>.ie ^^Jdl cULli -^ja 

(f \ IVi 41- Jjdl) ,^^1 a:^ ajUip iJtAi! :iv^ (d) 

.^jUftP u^j^ 4:la a.*j.^1 c5j>-1 ^jl^ 
Vjl ^>. ^ . ;4^l dlL- l4->„A; ^1 J5UUU ^Utl -lUI ^1^1 Jl dUS J^ 



cT'^^ 



^^jljlJI .UULi j-f^ Ol ((T^ . r) j^j J-SLJlJI) 
KJ^ * ''■■^■^ jL-»^ 6^^ t tf./i>^ tD AiftjiJl ftj^"^ j;^^ jiJ-'^ '"^ (J^ Jj.*^ (G jl) 



nA 



J jbU JJU ^T jM ^^JJ villi Jp Jj.^ ^yJuJl viUiJi iJUfcj . ^j-Jliai JLLP ^^1 

UojI jjh B oj^j^ ci-iJl jM^\ jij'^\ «iiU c)t tiJLli Jbu ^yj^^ .B 4 la 2; 11 ^^j^j 
cjIsaJ jJLi N ^Jdl jS'j^ ^ JUJ ^_^1 4H iUiJl t'^jA JbJL^r J>»^ •^^ J^ 6y^ 
^yruJi^l OL^j .^Jill JJUU.U Oi^l ^J.1 ^ N :ikUlj .^jjUia^ JLp j^^I ^j> 
5^j^ IjA IjA <^tf..^j Sj^ jJiij iUJl J^j-* j-^ l«i> ^-^-1 yj^ j^j^ "J^ -^^J^ -J^ 




4^^l ^„n,t,ll aSj^ jjJ JJL. UjJii :L^^,>y Jl^l cit^ J* J-.y^l ciLUll yA\ 
-LjtVLi iJ^^^^ Ju.U.1 cULUJl Ul .A' ^laS-.ll Jl ^jSfl ^y. Oc- JuLi c Ja--^l 



S'W 



,j^j J^U-i ^lIUJl <Sj>- Ji*-. B 6j5^ ^Ul ^.^./lii ^^JlJI iiULi ii^,>»iij . HB 

i]^^ \^\Sj jJLlJ 4>^1 ^,Ju^l y^JlJl iiUi J^^ ^_^ ^1 tD iikaJl JiLi iaUVl 

dJLUJl :i^^ JiU; ^1 ^^^ c Jl^Jl ci^ Jl G ^^jdl dUi ^^S"^ JiiJ >VI 

[^\Sj G ikJLJl jJlu \SSix . E ^^1 Jjbc* ^5"^^ C ikaJl jjj J-^l^Jl iaiJ-1 Jpj 

G JjJL- tjUj t JLp-Ij iai. Jp Nj D JjJL- Vjt 4,./>SH olfc ^IJ:;*!^! j^ SI tj^yJl 
4?.4U tiJliJl ^^rjJllLj tU^l OJL. iL^l oJUbj . JjVl JaiJJ jl^ ^T Ja^ Jp Ej 

l4>aici--l ^1 yVl Jp cJkiU L^Sf - j^UJU c^jl^^l ^.JJl v-^ ^^Jj' crJ^ 
. <>ujll\ jJu/> Utjl j_^l ii»Lj J:^\ j^l iLflj - _^JlI rjy^ * a;../i;7 JUw ^^j-JL^ 

Uj^ ^1 c-^l^l olS"^ oLjikJ /•UJI j^yJl IJL* juj 4 U «-^ iJLSohj 
^^,^JL*J1 jJULJl 11* Ol i^^Ai ^ jliil OyiJl Jbu 4j.^L Oj^Ul dULiJi .^U-U 

jbiJi Ol::d>Jl U .^_^l JLliJl IJLa ^ fUi*Vl ^ Jp t>U4 ^ ^.JUUl u-^l^l 
jj^La ^lJL>fcL^Li . «j_^jJaJ! i^j.5j-*>j c «^^^jjJl i-j-^» U-fi ft^U-l U-^1 UjJil 

^ *S'y>^ jij^ U^i Oo^.«^ W^J t ^j.>ft.lkj JLP j^^Al JJLr^ JjX4^ Jp J^LLLL 

^J^J^* (1)1 t cULlS Jl iiU^l . 4;W;>kll oLkJil «-« ^jUi; V j_^l ajjI^I oli"^! 

^^1 ^jX* U 4<jyb oLS'jJ- 4.>./J iJa^ iS"^ «^|JL>-^ Uajt C..-^. > .^ JL3 «^_^^^l 

ju^i ciLUii j4p c,-^! ^1 <>y*^ <^' <^->-^ iJ^^j i/^ J-^ f-^ '^5^ •-r^* *^ 



^v 



cJl^ Irl S^Ip WJl j^^ ;/3l tjj^\ W cr* ^-r-J< ^^^ ^-^ cr^'j <L«^^' <^' 
^ <iJLl.U *yL^ ii^ 1 t(Swerdlow) jJ^jj-^j (Neugebauer) j>l^>J ^j^ J^ L^ ^U 



\>/\ 






^•^--jjb 



a^ 



:L.ji21I a^j.-jil : aUil : JjVl |,.~2)l 



(») 



>J- 



0\jJ^\ Afm li ^^ ^^Wrj J>*^ -^^^ 2j^^ ^2r^ (Ml) ij^l ^ ^L>- JLi* .j»-^l^^ 

c^:^)/! tJbJLJL-l ^jlJU ^^:>ai ^Jil cLJtjL- ^y^ iwJL iJL4 ^ ^JJlj tj^^JLiJI 



David A. King, «The Sacred Direction in :^l tiLiJi <lL-« J^ iJLtLi S^ Jj»-1 ^ (>) 
Medieval Islam: A Study of the Interaction of Science and Religion in the Middle Ages,» 
Interdisciplinary Science Reviews, vol. 10 (1985), pp. 315 - 328. 

«Anwa'»; «Manazib>; «Matla'»; «Ka*ba»; Ij^l lilLiI oJL> Jl JjitCiH iiJbit >r^Jj-» J>»-j 
«Kibla», et «Makka» dans: Encyclopedie de I'Islam, 6 vols, parus, 2*™* ed. (Leiden: E. J. Brill, 
1960 -). 



^vr 



olS-j .;5a J^l •l/Vl Jl (^l iU-JiJl Jl ^U-l J ^\j>^\ j—u .bb^ ^4^^^ 

^jJl j^ LjLj .iLiiJ A;rlj^ J^^J *r^^"' <J^ c*^>^' <^Jj^' t5* <^>^^ Olj-^S/I 

^LaxJI >>«^ ~r^'JjJ W"'^^^*^ ''^Jr^ ('*~rW^ (_5^ ^^1 '^ >■*-*■**** I ^^^t*^ • ^ I * * JLaLitijt A^JLj 

LiljjJLl JLp. JSL^ ^ aJL.^ JbJb^l IJU f^J>j^ ir^^ i-lJtyJt <J\yts>r oLkn.* 

jiC: 1 i-->LjJl (3^1 <l)l ^ . UL>. i^:A-^^l olkLJt <j ^^ U iJLfcj . i^L^I 
4 ciJJS Jl cJU^ . *-w-lill Ojiil 4jlJb jl ^liJl (ijjiJl lA^ JJ jjjJLil jl:lp Jbll <i^ 
. ia>.t>yi jj-^1 ^ ^_^ SuLi {s..U; c Jb- J^ J^ 'j!^ ^ Lj^l^ SiJi>Ai iUJi ol 
\\jt:\ ^ ^ ^\ i,,Ja^^\ djjiJi ^ JbrLil oUl^l i«-lj3 Sj-iL- fl^y^ii; L. IJLaj 
J^Jj>»iJl Jij i4^>* ^ |1 JiSll J^ jl to^l i5C. ^ C:?**-^ J^ H^>^ 

. ^^LiJl .iUiJl jjp ^j^ :iiLJL. ajiJl iU> SiU ojl;.iJlI J>ll cJl^j . iUU ,^^1 

j^ Ui)ci- j^JUall ol^Ml J_p- ^ "^U^J ''M tOj-JLll JUIpI . jLSQiJl c-»j^lj 
JL3J . jyJl oUilj s^>UaJl f U J5L1j l^^JUdi ^^^JJI Oj-;>w-ilj i^l UjuipI ^_^I ciLL" 

2L^ oUli^V Uij ij^j^ iUaiJLl IjSJipU ot (j\ tL^ ^^>* ^<--^ A-jtSC3l d\ 

Jl v^^aj ^^^^1 diitVi ilL^ Jl j>i? ^1 ;;jjLii oUjj^i ^jil i_^j .i^V^ i^ 

i(jj:J^\ lj!^\ v.tf.,rtt j_^ ^^j-^1 ^r^' ' Jrf**' (•-'J**^^ f-^-^ ,P*^ ^J^ jt?^' J,p*^' <^^ 



G. S. Hawkins and David A. King, «On the :^l tUJUl -bJi^ i*:LlJl J^l J_^ (Y) 
Orientation of the Ka*ba,» Journal for the History of Astronomy, vol. 13 (1982), pp. 102-109. 
David A. King, «The Sacred Geography of Islam,» : ^l 1 3-«5^1 J^ ^^Ju lU ^j^ J>»- 



in: Islamic Art. 



\Wi 



^1 v-L-Sii oU>drc^jJLi ji^\ jp A^\j 4i^ ;k^i jL>jJj v^ ^.^> 

. ^^yxMtfjJl Oj^^^ SJIjUJI ^j^j^:S\ L^JLdj 



.s^^^' 



JUsJI 



JytJi 




(^_ Ojijj J^LUi 



jjjjJL) OullJl ijjjjJl ^_^j-vfl:Jl ^yi JbJLiJl ^y a^i ijj ti-ji.^ cr^^ •^^ 



>Vo 



UOU- t \j^JaJ^ Mt^y^j \jiy ^ iiCU oUl^l jj^.l-^^T.-.t l^lS* wiiJU c LsCU i4>-j^ 
OuLLll AjjJb^Jil --^Uaill ^jJJ jjij . l^JL- j^U-l ^jJ^-l IJLft JjLLt Sj-JiL^ lj-*^J J^ 

JbJbhtl) CjLf:rj r^ »-ilS/l Jp «^.ilj S^ JljJ» Jj-JLIl ^JL>C^1 tw-iU-^Sfl DJlfJ 



^^>JjVl Jb-LiI oUUt 



J^j tflaj L-^>ilj tiytll j>ri li» :oJiil 4> 01^ Ujlp (^) ju>t ^1 JU 

aJlil) alibis' c^jjJLt ^j^.ft.L...li (J.AAJ .utpU .a^ ^W^^ vj^' j^*-^ ^^^^ '^^^ y^ 

y>J I^La ^ iJLiJl d\ Jp 4:Jip-!)t. j^.^-^- t(^) ^^l^ li-^" ^ij 1^15" UjjJ 

kills jl M^ (.i^jL^\ y^ U^>»i* 1 4 .^ » » d\S 4j_,k— jJl L^T Jl ^jJjDVI ^ JLp-LJtl 

JIj3 Jai- ^ ^y^\ j\ (iyJl ^ oJI^I i\j^ IX^\ j^S'UVl ^y L-li^ jl5 Uli 



David A, King: «Some Medieval Values of the Qibia at Cordova,» Journal for the History of Arabic 
Science, vol. 2 (1978), pp. 370 - 387, reprinted in: David A. King, Islamic Astronomical Instruments 
(London: Variorum Reprints, 1986), XV; «A1-Bazdawi on the Qibla in Early Islamic Transoxiana,» 
Journal for the History of Arabic Science, vol. 7, nos. 1-2 (1983), pp. 3 - 38, and «Architecture and 
Astronomy: The Ventilators of Medieval Cairo and their Secrets,» Journal of the American Oriental 
Society, vol. 104 (1984), pp. 97 - 133. 

F. E. Barmore, «Turkish Mosque Orientation and the Secular Variation of the : \ .i—} j la ;! 

Magnetic Declination,» Journal of Near Eastern Studies, vol. 44 (1985), pp. 81 - 98, 

. iu«ji <2kji ^J JL»-LJLI alitl jfi. ijs**^ i-»lji (*JU»-^lj) Jjl ^ ^Ji\ 



wn 



i^jU^ f^lJLiVl Loji *J Jj tOy*JLJtl Jl Ujb-j J^^jJI i-jUr jlaj UJ *-j; i 

5>« ajUl dJiA iiUi .^.JlJLJI ^>.1* ^y tj^U oj-_^ oj5U-| iUJl oU*^l iJu j^t 
ILJl j^ t5j-^^ *l>>-^ t^ Ljtl .i^lS" 4jljL>i-s<»j \ ^ 4A^:,m\ J^^^JLi ca-p-j^j^ 
^iJ^ fbJl ^>J.| ^ oUL^I ui.J.,ii ^ JjSfl JJLI JujlpI JLiJ c^-^L-)!! 

^JLiJl ^yii . JL5»-L«* JJ AAiLJl ^jj-,<aJl ,j.aju Ji>^ /»^ t*^ t J^LJl ^y iUsU cJlS* A-:ji 

IJLa ^ ^Jl) . V-t^' ^ '^.-r^ Wj^ <^^ ^1 ^^-c*V '*M' J^ .rr^' J^p*^ 
45° Jp Lja; ^ ^^JlUI ^y U^ill jt tSy^l UI>Jr< oUaJLI ^ U!AkJl tLu^ 

J3j ciJLlij ci^L-Vl oUl^Vl Jij L^j-« LiJj iJL*^ UjL^ cJl^ l^-i; iJljJGl^lj 

*-^j Jij . V^Jj^' - ^t^y^V' «^'^l <y ^-^'^ ^hji t3^i JaJa^ ^y ^1 jJJalJl 

^y iLiJl ol UL-^ Ij^Jb- ;j\-j^JLi3l <3l A-« iSJbJip jjy iLl» ciJUSj j-l^^ ^y ^..^a* 

JL^L-^ cJUt Ol JL>; ^ JLJ . y^y^\ i^ li^«UaJl JyJl ^ 30° Jp ^ ol5ll IJU 
IJLa ^juj 4(_^^^i-lJl cj^UjMI ^y ^.. ft Mill (ij^ •Id^L* j-,A^ y .l>>...* Jjt JL-i 

t(^^I v-u j^j .^^^jJi jj^i Jt>u- ijjjji oikui jLiP U^ ^^1 fli^'yi 
a— iJi Jj^ <:^^ ^J^J^\ ^jy^i iJ^^ ^i^i (>i .((Y . o (Jj j^Liii >i) 

<Lj jJp ^y^ ^ Jijiil Jp lilyJij ^r^ y 0;^-.^^ ti>i^l *->!>U;Nl ^y "^.d^-d 



.4j 



\vv 








(r - 1) (^j js;^ 






a^^Ijj j^ 3J^, ^^M^i j^^ 

j_,l?-j ^^^>*lJlj j-^ij ,_^*A-iJl ila^ljj iJLjLlI JbJL>wJ ^lfl;.Mt iJU^ Jj-U i]L> 
«JU;>»Ij Jlij . ^Ifl.ojjl Ojjill ^jfiy^ ^ *S'j1>1a SJbJLP cJjjL.^ ^ <*^jjju» t^LjJl 
^UJl j^^JLiJl jJUlJl L^ ^ Oljj-s<aJ J^ jiUall ftJUt tj^Ul Jl C^i ^_^l Jji»Jl 
. J^^l Oj>Jl iU-"^ J!^ cf-^V^ (i^l (/ t"'j J^ >y^ <^^ ti^-J^' 



^VA 



^ 4,:„.;.l^il jiJUiJL U5 -LUil jJliilL j-^iaJ -ill S[ .f!^)/! JJ ij.yJl ijj^\ 
.«-^jl JSC-ii li^Uj iijyc 015" A:iJ tO:JLJLl Jj-SCUlJ ^^^JUJl JLliJi ^ Uli likit 

^^1 .,,U;:* iaLcu aJLp J5U* Jp i*5Ldl i-^jUIl ^y i^^U-l jclp jJal ^y'^y\ 

A^i.Ay jLfJl oLp-L^ t,jl.. ■>•>■; J tA*:jjJl iLpjIj cij-^l (^J^' J f« >' A >j t^y-ljjJl 
^ ^tj^-ljjJl oU.*^l ^j^ -Up IJlA IJU_^ ^y^ ^JL>«i*«j ij*5L!tJl XS\j^\ XsjA\ oJIa 

JUtfj Jp JxA5 t«Oy^Vl '^ 'iiU^I (J^* -J '^^ t j^LlJl ^^^JUl jlUJ! jSCly. 
t*.L^I JLiJ uLlJl diUJl jJIp ^j^ i tiUii 4f>>:J^ IjJLi^^i-u j! j_^Ul Jp 

^ ^_;-^-»-tJl c-^j^ ji ijjj-i^ jl tjjLj p^^J J>il jl j^^>r^ t JjVl j> ^J^ 
.^L^l oUli^l ik^l^ Uul ajUl -Ltl iJL^w:. U^ .(>ri!iUjNl ^ jt ^IJlipVI 

/»Ip a^jj c - ».. /ii l p-^i^r j>« Oj-^Xi3l p^l jJj .^liJl ^y Jl UlyJ-1 ^y oUlj^ 

iJL4 ^2«^Ijl:pVI ^yj . Ji\l ^y oL' i^Uj ^ fj>Jl Jibj j^ oJljt 015L. ^ 
VJ^J <ijj-^ *^^' '^^ (>rf^^*^' t^J 'V-r^^'j JjJJl (j*.». MJ t '-r'-Jj^J tij^ 



\S\ 



Vj j^>e V ^JJI) ^^^Ikill j»^l •l^l ^ jl JUJJI j^^ o. .^ ^s^\ .Li^l ^ ^ 










^^L^Ub^^. 







J£5 



^ ^y <:)IjS^1iij ^i^jiui u-j- ^^^jl oiijui ciJLiJi jbjL»»ii oii*uJi oiiJUaJi 






cT-J 



\A* 



cJl^j tiSC* jp^ Ji^l c3!>Ua:l t\l\ Jl^ 01^ t^iJl ,_^iaJ-l V-r^' J^^^' ^W^l 
•(^) cr^ •'^' JJ^-iil f^>^> Jl S-J^^i^^ ^cA^' V>^' J-^' ^^^' ^J-^1 

01 .((\ - O ^j Sj^MaJl >JI) JlJL^SII ^^1 ^ c^l^l ^Jll Ojj JJU. 
(1)Lju (jdU-l ^U ci-^jJ ^s>c^\ «i*A^I uiP"*j «o«^l i^^^» ubiy^' {l;ijs?*^' 

^^fl.S-Ul c-i^^iJt-'j i^f^-i^^ ^j^^ '^^ t JJ^^ ^j ^ (_y^ j-^t J-* OLJ)fl ijjj 

^1^1 Jl -L-JL. fty'U-l 0^1 li.L^ t>»tr5;^' V^^-'j tA*^' tiy^' '^l* tdUiS" 
. a^l 4JL^I JiLiu ^yJl - i^jJLl s^ljJl Jo^ ^j ol Ijlj ^>.iJl Oir-J^^^ 

Jjb t^lj^l ftt^l ik-.l_^ SiJL^ ot>Li UL^I JL>J ULi tJjLJl ^y U^i U^j 
ajbju- *^Ud:f <l)l ^iill «^-*it L* . jiSfl j^ «^JL^ <SM jJ^ljJ^ <i»-*'lj^ «-iAii *^ ot 

j^l) ^dl\ j^jS f^^j L^lj J^^ Ji^ 4^^ ;pj-*^ jl ^^ J^t j] fjjj 

.a\ . i) ^j JXjlJI >M) v^I JjJj ^jSfl ^LJl j^ Uljj ^1 ^UiJl 
v-^ "-^^ <>* «L^V' ^jJL>- <ijA4 fy>yiAj 4 4.L5i' L« *tjj ftLjiil iL^ipl ^^ L«aipj 



\A\ 




(r - i) ^j j5Li]i 



211 ^^>l Lil^ 



Oy ^!jU>I ^UJI ^y 'U^lj ijLliJl t v^l j^ bJL5t U^ L^ ^Lki J^ A^l^^ 



\At 



4U-iJ j»-;-waill jl j^ .j^ ^^\ by^\ Jl Jjju Ajj-,a« ii»^^lait ^y ^^^^' ^(Y - O 
Jl ^^.Jj> tSjj-^l oJu Jij t^lxJli .^Lp Jlill 0^1 Jl JiSfl Jp ijxu ^^ fJLil 
jjj . L^ia-^ ^ U-ji^ l^J^ ^^^ H^ J^ t^ *^^j>^^J ^ i-x^l J^^ oIpLUj iJUj 
i-— JL I iJLiJI <l)l j^'Jli jj-^l 11* jJLp jliJi (JjiJi ^y j_^L«jJl (^j-^l 4-jAa)I ^^ 

-eriy jl^bll JiCi .S^IjJl Jl <^^ 5^^^ i^j^ ^ 'l^^ ^ ^-^^' *^'-rr^' ^l 
L-«J <i-lj: jJ^Lil • Ifc ^j^ dJl.-Ij J5j t U^^;-<^ syl jJl WJ- U^ Lj. ia^j :Lx5CJI 

IJl* oI liliai . is^U- j^Ua: ilJip^ 1*j!^ cJlS* <Pj:;i« oljj4 Lf--i; i;jfcSGl Jii 
aJj^ oIpUoj aJUj jI <*jj1 Ji lull *^yf- b^ '^b3 ^Jj «^W^ ^j' ^^^JLj rr^^ 

C..4-J ct.^>- 4A-*5Jl Jxj^ ^ ^LJL IfUjj z*^ Ji oUlkiJl (1)1 t5jp-t j^t^UaJ ^y t5^ 
_ JUJLJI jj-Jl ♦-'LiJ c!j^' - JUJtJl jj-Jl jl^i" tUj-^ll^ Q^ iJa—l^ j'^--^' 

e^ b\ ^ tS^\ t\J>i\ ^s>Cj t(Y -. O jjlj 5jj-^l Jp j^^l | » :^ .. ^3 l ^yj 

jl jjL ^ Jyl j! j^^ ;k*-l^ UJ tjlUJi oUUai ^^ ^Ua* ^^t ^y ^>r^l 'O^i^' 

4JL4JI jJL>»i7 4 4|-LJL« (5^1 jt^Uflj ^j -r^jJl c^J^l ftLi^l ila-»l^ Jl *^j>^ **'>*-^ 

ijL^j .jj*j!)U;Mi ^y ^_^-.*jJi •-•j^ jt Jjj-^ ik^ijj jl tiJL^Sfi ci>uiii*yi ik^iji 

ll^ t jiVl JP (ijjL-JL. j^) oUOai iJ^* 'V^+b JL*-^' -^^ t- ^jJl-J^^^I 

iijL.jL-) UUai jJLp ^_^I ^j-j'^'^l oUUl J^ <i^j-*^l oUL^Vl ^ Uul iJL^ 
^ LpUai ^^JLp ^Lj olpUai aJUJu ^U^I ^ jUjJl OIJLa aJL>«I^I JJj -(Lj^ 

. i^jLiii f^^i Lii>^ 

4^^LiJl .JJiiJI jJIp J oLU>. ^yk i-Jiiil Lil>i-I J -J^' <-ir l^lil j^Ua- b\ 
ULjji-^ jJUiJ cJlS" ^_^l j%jjL2iJl ^jil ^j.Ai-Slljj) <^li^l viJULiJl jJLp ^ oUlj^j 
>»IX>-! ^L*j ^jfiy^ ^j^3 ' V^J^ (j^y^J ' *^Lpj--'j-»j 4 LiljJwLl ^ oUij-*j 
ULp-1 i-j-> cJlS" JLii t j»^Uadl Jl 4....;iLj . U^^ ^Vj^ <j>l JiJ M ^j oujJtJl 

jjl^Jl ^ j_^l 4 jiU^l iJLP (1)1 . iJLj ^j— 'J <ia— •! jj t^j^l ^W^lj oUL^ iia---l^ 
S^^l ^^ iZ.n„/>j Jjj . UJj-t ojJ^' J^ ^,}i * aIStJI 1 JU ij^fj JL^JJ ^^^Ij L^JLp 
Jaii <-J- 0UJ3II ftJLfc ^ ^j . i!>LJJ yLp ^y liJi j^lj *<^bJl j^l ^^^^ U ^UiljJl 

j^Lflil j^ iajb^ ^j to«-s^j j^ Jj f>-.^jll IjLa ^Uj ^I JU-pS/I ^yt j^ bJLp 



^AV 





(Y - i) ^j Sj^oil 
c i--«-$LII *^ jj-S'iil *Jjll ^^ ^^ jjj iail-l iJl^^l ^Uaj U-JLU <--JjJU 



^Al 



**-li)l j^l ^y t^ilJLiJI lull tAjib^ ^1 Ulyc^ ^ (j^iJ^) jj^ ^y Oir* oUUai 
. ^jlUJ Sl^I SUp j^^ f, p-*-^l dI -Li ciLi V Ur J . ^LJl ^Ua^l u--^ ci;^^ 



JUJJI 



.>J1 




v>+' 



(1 - 1) ^j j^cjsji 



\Ao 



fyj»^ IJL* J^p- 4JU-PI ^2;^ .i-Jt^l dy- UUJ jJLp ^tfj ^y-tp Jb»-Lj oLpUai 
<1)1 .iiii-V ilbit oUJj^ ,^ ^-^jj -u-^UflJ «dI *bll «J-.<>Sfl LfJlX-i j^ ^JL-J 1 

j' (j>^ Jl v^^ *-*yj^^ v^>^ ♦-^ G^ ^^*^ <J^ ^^ '^^ r^-^ '^^ ^-'■^ 

Dl^ (Jp c^ 4JUII J-**^ Jja . Ajjl ^Lj Jl i*«J\j dJUiS'j tU jt^i ijujl Jjil 

<^b -c^W' (^^^^ ^'jj jr^' v**^' ^y^ J*^-> f>H '^-r^ ij^ '^ <^'^b t3'jj«JJ 

u-»jJl ^jj>J j^^ .ljj>- jJLaj j>«^S/1 ^J-*- J-p Vj^' C^ >^ fl . /i - nJ olj j'-H^^ 

^ ^jLili 11* jp ojgi ;i5CVi Jl v-^L Jib Mj j^>; N c^^i^i ^ ij^\ 

jl jJLji cUUD . :L. Ja.i CiCVl ftJLA ^ jJLJ ^^ • t)U!j J^^^ JUJJI ^ JlxJl 

ftJL* cJli'j . ^_,*kSil (t-J?^! ikM»ljj J t iLiJl fll^L tjol^l ^^ f\jj Jib jl f^ ^jj>J 
^jiJ! ^ V'*Jj ^dj-^^ ' ^^J <SM ^y^ ii^j . Lfc^l ^j^ jl^» «Aij <-.*«^i 

^ JuJLiJl 3^— J Jij .((V _ 1) jtJj Sjj-vflJl Jp 41^ vW fJ-^j^^^ ^ Oi-*t^»-^' 
l>wJ 4t5-ij>ii cinb criJi^^ oU^l ►Uipj oyL ^l>Jr' J^ ur-^V' /^' 

JbJL9«Ij ?«,ft ...7 ^1 4jt>Jdl oLaJLaiJI IjUS.J it.^^ tLpUaJ jJLp ^y^^ rt-^U^I ftJlA 

.((0. £) ^j'j^lAli >;i) ;UJi 

4iUaIjj i*«XII J_p- U^ Oi?^.y ^\y^\{ Oj*P ^^ .^^nurtTll IJL* Jy*^ . jJLp ^j^iLJl 

.((i - O j»ij 6jj-^< ^0 f>?^l Jy'j ^iJ ila--il^ (»-rUUl JbJuJ 



\An 




(Milan, Bibl. Ambrosiana, X ^tA-JU j-1^ ^iJliil 6>^t ^^ ^^» ^i^^ t/ 



\AV 




(o ^ i) ^j JCiJi 



cjj^ U^ 4 4i\^ ^y UliJ jlfi. ^\, i^ Jill Lil^^l ^ 



^AA 




(i-0^j-.j>^» 



^_^_^l iUJl ^JJS^ ^ i^U cUUai u^JtjjL <-JLil! Lil>+' <y j*---^ 

(jwL r^jJl •jlj.i ^ Ji^J*^ rt;ft./i:ll IJU .yip ^JM^LJ^ OjiJl ^^y^ t^-«JUsAil 
<ia-^!^ jt-rL^L^I JbJL>.iJ V-r*^' t)^!^l L^JLi.i--j <l)l^ ^jlJIj lUUai Oy^J 



^A^ 






(O 



^U^l JSU^li XL2J1 JbJi^ 



^L5 j»:jj ti^ ijx* ^ SjU (^^ SyljJ ftl^li' iLiJl l)j»1..AI O^^^^iiJl ^JL^ 
^^j J5LUI >JI) J^l Jlj^l J^j l^ Jljj i*i- ^j^ S^JL^l ojl^L «UVI IJLa 
uJLUuj .iikit jild :i^ 6^1 c-»L^ Ij^l .^LJl 0^1 ^^ tlji^lj .((1 _ O 

i-iljJuf ^^ ^JlJI j^ SSj^llI t JjJaJlj (j^jjJl -i»j-la->- iijju* oLL-J-l ftJu J-Li 



David A. King, «The Earliest Islamic '.J!lA (mJLaJI JbJL»«iJ iL^Ljil oUL-Jt ^jJI J^»- (1) 
Mathematical Methods and Tables for Finding the Direction of Mecca,» Zeitschrift fur 
Geschichte der Arabisch-Islamischen Wissenschaften, Bd. 3 (1986), pp. 82 - 149, with corrections 
in: Zeitschrift fat Geschichte der Arabisch - Islamischen Wissenschaften, Bd. 4 (1987). 
Edward Stewart Kennedy and Y. Id, : _* lyyry^ u^'t*-^ ^^LJU Jj^ J^^ iSj^ oL^ljd ^Lla 
«A Letter of al-Biriini: Habash al-Hasib's Analemma for the Qibla,» Historia Mathematica, 
vol.1 (1974), pp. 3 - 11, reprinted in: Edward Stewart Kennedy [et al.]. Studies in the Islamic 
Exact Sciences (Beirut: American University of Beirut, ''1983), pp. 621 - 629; Karl Schoy: 
«Abhandlung des al-Hasan Ibn al-Hasan Ibn al-Haitham (alhazen) uber die Bestimmung der 
Richtung der Qibla,» Zeitschrift der Deutschen Morgenldndischen Gesellschaft, Bd. 75 (1921), 
pp. 242 - 253, and «Abhandlung von al-Fadl b. Hatim al-Nayiia uber die Richtung der Qibla,» 
Sitzungsberichte der math. -phys. Klasse der Bayerischen Akademie der Wissenschaften zu 
Munchen (1922), pp. 55 - 68; J. L. Bcrggren: «A Comparison of Four Analemmas for 
Determining the Azimuth of the Qibla,» Jourrud for the History of Arabic Science, vol.4, no.l 
(Fall 1980), pp. 49 - 80; «On al- Biriini's Method of the Zijes for the Qibla,y> paper presented at: 
Proceedings of the XV f** International Congress for the History of Science (Bucharest: [n. pb.], 
1981), pp. 237 - 245, and «The Origins of al-BIriJiu*s Method of the Zijes in the Theory of 
Sundials,» Centaurus, vol. 28 (1985), pp. 1 - 16. 

4]^\y^ IU}\ 4ilA aslJJl jJL^I ^\ U-U. JjP- ^4^:,. ^1 c(A. Dallal) jVi .1 i-»lji liL* 
Ahmad Dallal, «A1-Birimi on Climatcs,» Archives internationales : ^^l c iSJj^^ ollbll c-»L.^ 
d'histoire des sciences, vol. 34 (1984), pp. 3 - 18. 



\^ 




Mj X ^y> J»^ .*lji-Vl ^ Jl >«y AB S^ljJl t JUJJl cJaiJl 

AB = jjfc A$l*j *ijil ^_^ J^l Jai- Jy cMB = (Pmj XA = (p ^yk 

.q aJaJl AXM ^ijljll ^Jl^ . AL 

iLill JbJL^ Jji»- ^^Udi t(^^ ; « lW . i Sj^l JjlJl^lj Ja-^sJtl ^ij^ Jij <Pj-^j^j 

^\...fti iaii jJLicJ 4,U.:. • oUJj^ Cj>^j ciUiS' .iL-^ljjJl oLUjJI oJLa Ji4 iU-^l^ 

Jl ^. ^ jl ^LJI j^l Jl i^ ^!j ciilUl «J^J JjSfl J>l^l cJUj .auJi 
UaiLl i,^ jjL>^ "^ ci-^t^ UJiJi JbJb>wJ Ul^ cJl^ l^j tAc^ji: c^llJl jjJiJI 

U^ .((Y - O j^j oj^l >;l) ^jcUiJl J^. ^;jJl ^1 dUI ^^Li dili^ <r^^J 

i^-JiifJl j^ oJl>-I Jli klJlfiAj iiii A4i^ Jl iiU^^L t(5^1 ^jA» -Ls^lij 15^ jl 

. ii^^l jj^l ^y A-^-lj J^^ ^JL>«i-j i l^ ll jl Vl 1 4^lji3l 

j_^ <i>^lj «^-^J /"-^b J^**i C-jiJL^«l-»l tjllJl UjS'S ^jii (^j^I ^j^ -^^ 
_^l-.^ ci^ •y'"^ ^y C^J^ * U*^ Ja— il (^^1 i2jjJ» jj-,^ (]/^^ *^J ' j-^ >«— »llll j^l 

Lt Ljl^ liai- cUl3S jbu ^> ((V _ O pjj J^:jJI >:I) IAJ^\ oUUVl Oir^J c^i 



N B 

/ ill. \ 
/ \ 

1 0.1 


k 


\ 


-; 


\ 




V 



S A 

(V - t) ^j JS^JJI 

i«- jy SA jUi cNESw ji^i s^b >. . juii iUii ;uIJl ^>- j>. 

J5Cij jL*^^ CDj AB OUiull . A(p ^^1 Li- Jy EDj AL J^l 
.a^l isxp OQ Jir :Q ^ b\*^\JCij i Jl^l Jp EWj NS *-. jlji. 

*^ Sj^ljJl J^j-« >-^ ci'J^l ciaiLl Jl .Aq> = <p — (Pm (J^j^^ -^ t3jj c^jL-^ 
: Ala^..,...Ji ow^l J^fJal) aJ^Ua ^ 4JL«jJl ftJL* .q aLa)! ^JL^ cO^^I (jd-J^ ^U; 

tg q = sin AL / sin A<p 

. aLaW JujJ^ J^l ^ viilSj 

Z^JUfJl ^Ik^l^ oJLaji.4 <iJ^ c.jQaP ^^LaU jJ^UJlj ibwitllJl OjiJI ^ OJlpI JlJj 

f UIp cJIpI «JU Jii . (Jjj^\ oliliil t--»Lo- iia*^!^ jl 4 ijpl^i i^JL^Jl jt -bjiJil 

c.,^ i >:.o...H JbJbi ^^^ cLjfl- 'cij^i •^AJUJI ^_^ :LIL^ 45C aIL^ <^^jJl OjjaII 

oLL^l 5JLjb ^ .((A - O jj»j JSLiJl >:i) J^\ jiVl Jp :l^ ^Utl ^1^1 
ilL-^ l^:.4>.>«< JbJL^ ^«r^ (^ t>*J t<5Uj ^UUl j_^ljJl c..»-.» fliJjl JbJL^ Vjl «ww4 

: <;>«■> i^JJl t^^jjSC3l ollliLl ujUp- ^y ^UiJl JJiJ iLtJiJ-l <i^l jJaiJ 
cotg q = |sin 9 cos AL - cos <p tg <Pm/ / sin AL. 



\^1 



B F 




(A - i) ^j J<JtJl 

^jLll .^s:^ ^ULl Zm ^t^t c.M.i >:,>,Ji JbJiit ^^1 .(oUAl pip 

Ujlp t5 jjh LjlJ ^ JJULc j^l 4 a jj^^^JLJI c-^-* jujl^ iiLl il^U« L->1; 

t = ALj 5 = (pM ^"JJ '9 u^j^^ ^ J! V-^^ *t i-pLJI Xi^yi OjSC; 

Zm J^U^jI djM '^j' L5^>" «^->>^' ^-r^ *^^^ •-J^ t> (>-^ <>• -a = qj 

Jij . R ;liiJl ^y Ji^lj T :ikiJl ^ ♦Iji^Vl Ja^ ^. ti-J^' PZm iJUJ 
.EZmF 0j31jlJ1 ^j p-y '*^.i^' "^.-^^ 

Ojj-2Jij 4»wJLiJl jj-sAjJl ^ oJL>«JL«II J(»lJL-i)ll (3jJs» iiLij «^-^jJ J^^J 
j,Jj JXjlJI Jl 4JUJLaj ijjtJ . iiiLJl oc-MflJl Sj-iU-« L^ 9^ (^b tC^Ao* JIjj»- 

Us^Sfl Ol^l O Uj^^ 5^b Jp iJl>^ .(^llJl iw> L. 0;:- Jl jw" JlSj) c(^ _ O 

^^1 ^y .QT = ALj QB = (Pmj WQ = (p <j-l^Vl ilJU3> Jbo ^JL>Jj tNWSE 
«i*->o 4M2 ikaJl OT Jp :>JL>J .4a./»,r.4 ;iaiJ G Jir t^JJl ia) ^^jl^l ^jJlj QOR 
t^jljil M,L ^y U5 .BC Jp M2 Ml :^y^\ clUi JIaj j»— >j cOMj = GC 0^ 
Jp ^ \jJ>-\ .J ^ S^MjJIj I ^ WE ^jJai. i^JLJIj SN J t^jl^l MiUj ^WE J 
.K ^ Sj^ljJl ^JaOj e^Ul OM3 iJUJj tOMs = IJ bj^, cl.^^ tMa ^LitiJl MiL 

. iUJl OK ^JL^ Ji5Xp 



iai- JaiL-^ BGCj QOR Jlw 4 Vjl . iJLJl Uj^L ^LJl IIa ^.^ ^^^5Cw 

Jb>^^ C5>"-'^^ J^ 4X<^ (_;^L5l-l ^1^1 C. » ... i i--^jJl i^j^lj t^jU-^l ^I^Lm-NI 

lilj .^M^L^-VI (5>lJiI Jp ;5U. ^ULl ^1^1 C-.^-- U5„.. M2 JJLf j»J .^1^1 

^^1 Ml ^y ^ M2 iiajui 0^ 'c5-'^i J'jjJ* (^>:-^ J^ j_^iji--Vi ti^^Jii ua^Li? 



^^r 



01 ^i Jl ^Uij . ^Mji^-Vl c^^lJlI Jp :i5C^ j^li-l ^1^1 c-^ US.... lil j^ 
^1^1 c.^....» Sjlil (jL-JLi fU^jLj S^b) S^-JSlI k2..,..4 «ia-Jl IJLa Jp JSLIj MiIJ 
JljiJl ^Jp jl— ji tciJUi jjp 3j^ tIJj Mil (1)1 .IJ jJfc U^^ ca>/ijj cA^^ (j-^^J 
.1.*-^ 2:^^ ^111 JaiLl JL, ciL.L^ Jjl Jl A^ ^[^\ ^\J\ O^ ^ oliLUl 

^^j-sAii-^j t Jib^J jT.Mft^ J^-ILlI {Sy>'»» jLj^^L) il^^^I .O iiaiJI fut ^J>«il ^IjJI 

cl*->*j t^^^^lJil IJl* ^^ 4^^ tj^^l lT*^^^ Cww^ ka.M>* ^yfc M3 ikiJl dj^ tfrlJl 

.SUi iUil OM ^\Xj>\ ^jjC- 




(^ ^ i) ^j j^i 

jA r^^^\ Ijl* .t^-wU-l ^_yL>- *u^jP t^jJl aLaII <)L-i J^ Ji*j jL ^^-^j 
d\ . analemme ^L ^jj^ ' V^ji j^U*^ jy Oj^ULI oi^-t <^ JJl 4 JjJU-l 

^1) ciJ^' oliiill iJL^ ^^^y, ^iSj^ H^ a* ^^^1 <J^ J^ (*-• -^^J 

^^^ jJl c(Menelaos) ^j'^L- Ob^ oLiJa; ;*jjt ^0^.1--. ^^JJl JliJI JJ-I (^<\» • 

^lyVl ^>p <Ls^\ Jljill > li^ (A - O jjj J^dll Jp .iJup > Lv^L l^^j 

: LjJ .TPQ <lIt..U ^U^ SRE ^ji^^JJ^^ TR Sljt ^Jl^ .KSj ZmK tSR tTR 



^^l 



sin PS / sin SQ == [sin PR / sin RT] . [sin TE / sin EQ], 

sin (180° - <p) / sin (90° - <p) = [sin (90° + TR) / sin TR] . [sin (90° - AL) / sin 90°] 

: 1:j jJ . RSP ^iJiiJJ ^U^ QTE Cf^jfj*^ SR ^Jb^ ^ 

sin PQ / sin QS == [sin PT / sin TR] . [sin ER / sin ES], 

:J 

sin 90° / sin (90° - (p) = [sin 90° / sin TR] . [sin ER / sin 90°], 

.SR (= 90° - ER)j ER ^yaiSa^ L* ^y 

: Lj-IJ .ZmZP vlJlJJ ^\j$ SRK ^,jf*^ ZmK (= h) iJL>J ^ 

sin SP / sin SZ = [sin PR / sin RZm] . [sin ZmK / sin KZ], 

:J 

sin (180° - <p) / sin 90° = [sin (90° + TR) / sin (TR + <Pm)] . [sin ZmK / sin 90°]. 
: bjJ .ZmRK ^iJiJlJ ^U^ SZP ^ji^^-i*- 4KS (= q) ^JL^ i\jjJ\ 

sin KS / sin SR = [sin KZ / sin ZZm] - [sin ZmP / sin PR], 

sin q / sin SR - [sin 90° / sin (90° - h)] . [sin (90° - (Pm) / sin (90° + TR)]. 

iiLlI JJ- J^)UiJI SJLpUj «-'jJt-| SJLpU L^l Jbu UJ 6jJLll ^^^-^CLiil 0jj^i^\ 

j:}\j iU_^ ^^1 4JU-JI cJl^j .U^LJU it-LL- ^^L-^l <1.^ ^ ^ ^:>H 

JbJjJl ^ O^S Jjj ."^jJl iijjJ^' f»— -Ij <ijjJ«-« ^t^J^/^l Oliliil c-jL-j>*j ^JvjCLmJ 

^•j j^jJi j^ .>ii jiMi J*i- > jJ Jij>ll i2i^ Jp :i5U. ^liti ^1^1 o.^ 

QF =j ZmF = AL' dUJb id>Jj 4 JljjJl iai- ^ X-Uill EZmF ^y t(A . O 

.«*-^l <j^jjJl iai^J «j>»-^l JjiaJl lij>- «-*!)Ll>-1 JljjJl J^ OL.^ W L^j t<p' 

<*5U cjliiill ^>» • (Jj US' t k^j-4-' «J^^ (l^^j-^ ui^it^ iia-il^ uji^jSil Os^^ "J^J 

:,yJi.i^TQPjZMFPi^ljJl 

sin ZmF / sin TQ = sin ZmP / sin TP, 



sin AL' / sin AL = sin (^'^ - q>M) / sin 90**. 

:,yilV...; ^ZmTEj FQE ajj\^\ UiU oliHl ^ 
sin FQ / sin ZmT = sin FE / sin ZmE, 

sin <p' / sin (90° - (pw) = sin 90" / sin (90° - AV ). 
Ot Jl j-JtJ . «y^l fy>j^\ ia»- tiji ^_^*-Jl1 tFZ = A<p' = <p — 9' 3J>J ^^ 
clAJS Jbu iJbhJ . Jlj^l Ja^ Jp Z j_^t^l c..4.^ Jl ij*-^^ Zm oUIJb-1 ^^ FZj ZmF 
U5 cl4--i; V^^ *^^ Jj^ J:^ (i>-' 'j- •^^J *K.F = <1 'ji^b ^mK = h 

:^^aU.i-J 4FSEj ZmKE 2i,J^l i^U oliiill j^ . Je 

sin ZmK / sin FS = sin ZmE / sin FE, 

sin (90° - h) / sin (90° - A<p' ) - sin (90° - AL' ) / sin 90°. 

:^yaiJ^i^ ^ZmFZj KSZ ajJ;^\ i^^U oUbil ^j 



sin KS / sin ZmF = sin KZ / sin ZmZ, 



sin q / sin AL' = sin 90° / sin (90° - h). 



il-^ (i^j^ cilJLJo ^ i^Ul) *.lJjJl ^IS" ^jJ^I (1)1 u>^ ^ .<J*li--l (3^ iia-y-ljj 
^ ^lil) J.JL4JI ^1 .^ Jjj .cij^l oLlbLl c-iL^ Ua^l^ SfjJL^ Ij^T (^<\V0 

^2j^ j<, tf.;./a)l jjjJLft ^L«-i «>!.-*■>• c 4.L.Sii J>>- if^y^ (f ^ * Y ic-M* Jlj->- t djjbUJl 
M L^U. ^jjb ^t.^ '«£djJ' <ii>» -I <MJI ^^ <>-^^ ^^ (i^V-J . J^l 

.J^l ^ uUi^l j^Ju (f\»Yo 

il jJu ^ «^_^*^1 t jl?-Ij 61 ^j t ^Ixil 6jjiil ijlJLi Jul* O^^^SCLiil Ju<»j jjj 

^ 7w»lj «-iJLf- ctUSj tjj^njjdl ^jjjl> j^^jj JjJaJl ii?- Jy o^W^ J-^^ 0^ t<^j 



Hn 



UJiJi ^^ JjlJ^ c-^Lo- OjJL-^ <^J;^ ^^ (i^' c^ll3l OjiJl ^>» ^l-Uilj 

^jji <3jjjc« ilLiit JjlJb*- V^ J^ illlAj . iS-ii 4 w^ . /* J^ ^^^ \4sAAJ ^_^ ^jjjp- 

tjjljjui ftJub p-jbl JL»-1 ^ IS^L. UWs* (0 - O pjj SjjwiJI <ji-:ij .t)Nl 4_,i^ 
^ j-iw«i (_,* v' ^ JL>«-** ^y (cJ^) cJj>Jl1 cJ^I C-W.U- t J*Ui-l <»-.^j c^JJlj 
j^l ^UJl Ol^ v<>Jr> ^C*'J^V' Jj'^ ^>^J «^^ ^-J^ J-^ -j^ Cj^^ ^j^^ 



Abu al-Rayhan Muhammad Ibn Ahmad al-Biruni» Tahdid al-amakin, edition : j-Jk-Jt (0) 
critique par P. G. Bulgakov (Le Caire: Majallat al-Makhtutat al-'Arabiyya, 1962); english 
translation: The Determination of the Coordinates of Positions for the Correction of Distances 
between Cities, a translation from the arabic of al-Binuu's Kitdb Tahdid al-amakin tttashih 
masdfat al-masdkin by Jamil Ali, Contennial Publications/American University of Beirut (Beirut: 
American University of Beirut, 1967), and Edward Stewart Kennedy, A Commentary upon 
BirunVs Kitdb Tahdid al-Amdkin: An 11''' Century Treatise on Mathematical Geography (Beirut: 
American University of Beirut, 1973). 

King, «The Earliest Islamic :Jiu\ 4 J»-.yi Oj^ill ^^ *L2i\ JbJL>d i,A.a^l JjIjULI J^^ (1) 
Mathematical Methods and Tables for Finding the Direction of Mecca,» pp. 82 - 149; David A. 
King, «A1-Khalili's Qibla Table,» Journal of Near Eastern Studies, vol. 34, no. 2 (April 1975), 
reprinted in: King, Islamic Astronomical Instruments, XIII, and Richard P. Lorch, «The Qibla - 
Table Attributed to al-Khazini,» Journal for the History of Arabic Science, vol. 4, no. 2 (Fall 
1980), pp. 259 - 264. 

Richard P. Lorch, «Nasr b. 'Abdallah's : jJkJl lU^l JbJL^wi. ^^^^ ^\ oVVl Jj^ (V) 
Instrument for Finding the Qibla,» Journal for the History of Arabic Science, vol. 6, nos. 1-2 
(1982), pp. 123 - 131; Loms Janin and David A. King, «Ibn al-Shatir's SamEtq al-Yawaqit: An 
Astronomical «Compendium».» Journal for the History of Arabic Science, vol. 1, no. 2 
(November 1977), pp. 187 • 256, reprinted in: King, Islamic Astronomical Instruments, XII, and 
David A. King, «Osmanische Astronomische Handschriften und Instrumente,» in: THrkische 
Kunst und Kultur der Osmanischen Zeit (Recklinghausen: Verlag Aurel Bongers, 1985), vol. 2, 
pp. 373 - 378, reprinted in: King, Islamic Astronomical Instruments, XTV. 



^^V 




l^ ^» &i ^^ ^^ U£ t t 



:5>»jj>»/;^ 



If. •**•:. J* ^ ** >^ 

y w'tJ^^jt^'^t^y tit 
Ir > i) u i^ i -; ^ g- J ki -^rrv 



ll 



^r 



tji-j J^ A Aft i; >; p >^ -M o^ J- '=^^*^, 



(0 . £) ^j ij^l 

4 33" . . . i29° caS** ^yJl J^jLu J>.U! Liil JjJiJrl IJU Ua*.^. JJ^I 
60" Jl r ^y iS^^\ J>Jt i»>i- ^^J>1 ^^' '^Jj^"^ oUij^l Wj^J 



{lA,ji\ l^\ jiJL. ^ Sj^^ 



\\K 



^ jSl^^l ^1^ J^ cJl^ j:i\ liL^^I uJIp o^I i^ ^1^1 dyi\ ^ JlJiiulj 
L^jujji} Xiy^^^yM ^u,^^yA ^ ^JLaU 2Lip OjJl* ^ aj^^ja^I <j^I J^^^iul-I cli./»- jla> 







^^^ 



^irJj^ La <ijJl XJL^j .ftji^t <JljjJ*-l oL,U„w.ll 4iJb ^IlJj^ ci^wHM^ V<^Wj 
iJUll ^- tS^ SybUJt j>3 . oU-ji SOP Jl UL;^! L^ Uil J-^ ,315 Uhr^Jil 

*^lillj *^LJl ^jJyiil 4>ri U SJUdLI ji>-LJlI ftUi Jp JIjj tUli ^c-^l^l (>ij 
t,lo*Jl ^>s^>« (>5'UVl ^y bjSSj»l\ bbiJb- ^yJl iLaJl jij JxiJLj *:*-^ JbrLil 

.IJ^ JJL^ JLarL-ll flJUh jLi iJLP O! Vl 



^^^ .<p>jil jiL^I ^y ^L^yUil o!)L^t oUUl iJ'ic^\ Jl tU Jb- Jl o^^^ 

J^^ jJLp jLsJI j^l j^ -^^^ J*:)^ (>• *-3j-«^ U^j ttiliL. iJ»jj ^ 

iijlj^ tiJUIl i^ cJU>-Uil jl^l 0^- ii>JI oJl^j c<;t tiilJLiT jjUI iUipVl 
jj-^1 iJLft (I)t >U:w7 oUaJLJl jj.dju cJl5 JLii . iL*53l ^ Utj*^^ - JL4-iJl jj-JJ 

i>*j *^y M»y ty w^r^' J^?*— itj -ti^^' t-j^UiVi ^^ , j **> /J i jjjJJ <^\j^ 



JLtljCU (ijJaJL! .f;.<../tj J3j ti?Ua-«»iJl ^ JUJJl Jl CJI^_^JL5 4. » . ^t J^ Cj-iUJl 



^ UtAkil c->_^l ^ 27* Jl_^) ;jI>w.a1I iU jjj if>.^ M*^ ^^^ clJL^j 
l^ ^igjj ^1 S^AI •!* JI Ij^^iij ^ tlujjdl \jij ^^JJI t<ji--l»UJl o! Vl .(JjJtJl 
j_^ Ujill (1)1 A^lij <i5i^ ^-^ -J^ t/-ijd oi' ^^^^ c5^^l t)l -J^ ^-JJ • (H^-^ 

^JL4 6^1 Jij tykjVl JL>wJllj j^bLl LLliUl JL:?.-^ t^l vSytUJl ^ JjSfl i^UJl 

jbJbJl ^^j .((V . O pjj Sj^l >;l) 10'' U^ :ujlj ojdl ^jlj-i iaiait oUl ^ 

^;^) «/>Al ^r^l Jl SJlSUJlj ciwJLiJi i^jil ^y SJLJiil U;^!AJl i^iOJl ^j^l j>. 

n^j:S-\ j>J <f>-j^ l^J^ ^j>^^ ^•^ idlJli^l Jp ^1^1 <AJb:>JLl Jb-LIlj i^^UaII 
^y v^>JI ^ dJLJUil UL. ^1 tiol^SlI OJI.! Utj .a^ J-MI 6UVI Oli* -bSf 
^y cjjjjj^JLii! aJLJ J3j <4^jj^ o-^Sfl *^ A-3 (1>^^ J^-^ UJii^ ^_^ loybUJl 
iLaJl Ia jij A>-j^ Ua.1 yfc Li^jAj JLiUdl (3^1 .%;>..A» c)t U^ i l«^ rj^h J^^-^^ 

j^ 4i!)L^ jJLp (^iU-l <l)^l j-« (.^f^ •^j^ <>• <-»j-»w L^j tJLJ^^.«-N*« ^^J 
c-»jjJl iuj*^ S4^ i— j«J^ o^l JLii t UjL- Ij^i U-S'j . i-ji^l ^ c^j-^' JU-lJl 

U^IJLpI j^ cJL>-LJLI oUl^l J^p- SJL>-lj i»JU4^ i-Iji (Jj^ c)Nl ,_^ ^ ij 

jJjJl ^La3I Jp j-.diA? Vl i-ljjJl dJu Ji^ ij^j^^ • <«JL» Vrj^ V^' U^ ^j^^ 

Jl oU»^L ci^jJl ^Jj-^l j>« La^j A^j^\i\j ^jlJLilj JU^Lwil j^ ftW^V 

^UJI J;>.I ^ uiUij ijLipVl uyu J>JlI jiVl ^Ij^ i^j; (1)1 UajI v.*^ J. t^Uil 



Y*^ 




(V - £) ^j ijj^\ 



oiO^I SyhUJl ^ «i; .(juSXiJI l^ J*j l^U^ '4^.>LJlI ioI^VI iJJLii 



t^Y 



^''Jji>' v^^j hj^ • Jji^J^i ^i^ • j^' r^' 



j»--Jj| ^1) t%^\ oUjI JbJL>Jj cJ^I ^UJ JjJLIl ojU! 4^JLJI ftLiJ^yi Jii 

4jLi jj - V^^ *^JJ^ 7*^J^' (J^ CJl^j . ^^3 cI^IpL- Aia*«-I_^ AjjI^I a^L,^! olijl 



cUUliJl pJLp I^Lp ^.DI JiljSfl ui-iUi ^tJLJl Ot dLt Vj .jJa-il .Lilj ^^j^Jl 



oUUl t^I (A) 

«Mizwala»» dans: Encyclopedic de I'Islam. : ^1 (<«U S^ J;>»! ^ (^) 

Karl Schoy: «Gnomonik der Araber,» in: :^l 4^U JX-Sj t<)j_^ 4j^%^)ft liJai^S J^ 
Ernst von Basseimann - Jordan, ed., Die Geschichte der Zeitmessung und der Uhren (Berlin; 
Leipzig: Vereinigung Wissenschaftlicher Verleger; W. De Gniyter, 1920 - 1925), Bd. IF, et 
«Sonneniihren der SpStarabischcn Astrononue,» Isis, vol. 6 (1924), pp. 332 - 360. 
«Siirvey of Islamic Tables for : b\yju jgh?,^ ^1 ^^Iji ^1 i Jjljll ipli-aJ JjIjUL-I J^p- 
Sundial Construction». 



Y*r 



Uj) lihje- Q^jf' ^jia>^ ijiiSlI Jjl^l apIu^ oo^ oUljb-l JjIJL>- '*^j^ y tX^J 
AJLjiiJl cJlS* OIj cL^ aJL^ c^jll IJub ^ 4^ap«iJll A^L^Vl oL^LjJl c}| 

^0 2lJj^1 ^^.Ai-Li J> ^ n ct.^ 4(n, cotg h, a) iI»L^ ^y^ j!^UDl jljf ^ 

-Jjjil ,yi^Li Jii c^^-llJl jAiJjl :yUl d^Sill ^^jiJl ^:^Vl ^ JS^l ^ oi tOy^ 
ly^j ipL- JX) (h, s, a) iJ^AlJl ipj-«j>«il (^t 4^j-.4JL3I c-«^ - 4(»jlp-j \T) c^jL*il 
c-i ^1 ij^^l ujLoi oLJIjlp-^1 •!* a^ .((A « O jtJj ajj-^I ^D jU^I ^ 
*.iaL:.Mj dli JJ . UJjj *^Lt^ ^^j^ C>i;.,^I Jli aJjjII <pIi^ 0^^ cjt Jb M 4 L^jJ^r 

. Ifu. 4^V li^j j-^l dUJJ v^jUl j^Uflil ^y Jb>J "^ Lit cilli Jp i j 4 L41. SJb^lj 
<A:S^\ ^^ UJ- 4^1 .ix^j ^j^ <y jJL- 4<lj^l ijjJ^ t>^ SULi SUp (^^* • 

t^^ij .;jjjii t^ji^ (r) 4i5jUJi .iji-.Mi Ja^ (Y) 4jjVi (^) :oiji«^ :iJ!>u 

t5^^l-«^ jl 4(b) JljjJl Ja^ i^>L^ jl 4(a) jiSfl (^jl-^ 6>5C| Ol j>Slw 11* jJ>-^\ 
KC) JP •-*>>»^J (b) J^ ti^>*^ (d) t^>^' <^^ <^' (>^ ^ -(C) Ai^UjL. iij\ 

(a) J-P t5^>*-^ (0 t^y^i jT i(b) J^ ^.r*-^J (c) J-^ c5^j-^ (e) <ij^^i jl 



Boris A. Rosenfeld, Muhammad Ibn Musa : ^1 ( Jjl ji^ UUdI (««jjl^t JjlJl;*- J >» ( ^ * ) 
al-Khorezmi (Moscow: Naiika, 1983), pp. 221 - 234» and David A. King, «A1-Khwarizml and 
New Trends in Mathematical Astronomy in the Ninth Century ,» Occasional Papers on the Near 
East (New York University, Hagop Kevorkian Center for Near Eastern Studies), vol. 2 (1983), 
especially pp. 17 - 22. 

Karl Garbers, «Ein Werk Thabit b. Qurra*s fiber ebene : ^ la il 4 •j_J j__< CwjL_5 Jj— ?- 
Sonnenuhren,» Quellen und Studien zur Geschichte der Mathematik. Astronomie und Physik, 
Abt, A, Bd. 4 (1936), pp. 1 - 80, and P. Luckey, «Thabit b. Qurra's Buch fiber die ebenen 
Sonnenuhren,» Quellen und Studien zur Geschichte der Mathematik, Astronomie und Physik, 
Abt. B, Bd. 4 (1937 - 1938), pp. 95 - 148. 



Y^ 




Jl v-JL J:ai t^l t(b) Jp *-3,;>^j (c) Jp c^^>^ (g) cij:^! j' ^(b) J<^ *-»j>^j 

.(U:-V (A . i) ^j Sj^l >;l) .(c)j (b)j (a) 

. c^j^l olibil i-^L-^ 






Ail j^j tilb-t>Ul v^V <-'j'j^' ^^"^ J*' ^^J-^ ^^ •js^^ «^^ J-^J -^^Ji^^ kj^ 
dj.JuA\ djSXi^\ ^\ JLii . irf^l OuUl ^ ^>^jll li> J>^ ii«^ ^1 <>^l 

Jl>-\j Jl (^jil IJL* iyjj . aj3j-^I Jjl jll ipL^ ^Liu j-iLiJl <1)ja11 ^ <*-^j jtJ 

oVlJJU JjlJLr i-AJjll IJl* ,ja.^>^^ .i^jll OlS" U^I tJL^j^ J^j ^^j*J ^-'Ui 
J Jia ciUSj (j^y-.,JLU U^^l ;iLll ^ Z = 90° - h kL^) Z (T, X)j a (T, X,) 



Y*d 








(A _ t) fij Jj^l 

y.i^^ Jjlo^ £jj cH^I >i -J^Ji- ^'^ v-Jj'^' '^■»'-^ ■>* C)^ 
^^1 ^jjJl .23; 51° J^ > ^ 40° J 35° j 33° j 28°j 21° ^^1 i.>^ 

' JjloJ,! .0* 01 .23; 35° J^ ^ oS^ 29; 30° ^^1 i^ >» Jjl^l ^ 
. ((Topkapi) i^\£iy <r^ 



1>^ 



iaiL Ll^ Sijbtj ^_,:l^I plkJl ^y pUjt «t)C ^_^ slkic oViJJl ^ Oj .X ^..^.Ui 

j»J ^JiM Jjl JlJL-1 ^y (^^I **>*^ t^jll j^j . 33** J LjU-. ^^1 i^JJl c ilJJu ^y^Je' 
d\ . 4-sAi-l j^ orji J5J ^;.:.,.H f UiJi ^y ^Ujl Ij*^ jl>- cotg Bj sin 6 oVlJlJl 
^^jiLiw <i5J . i}*^y\ J^ (^^LipI ^ IJUj 4 10 jjk «sinus» iJlJiU ^jl^^i-JlI ^^^L-Sf! 
iJljULl OVjJbr ,_^l JJj . 10 J LjL-^ 1^1 JJ iljjLl jj,AP-Lt Jji» ol 4il»L^ 
JjlJli-l <>• u^^^-*?'^^ (>H^ ^^^ ^\ ' 1 j^^'j 10 <-^l-t L^JL>-1 t(cotangente) 

olii! t^L c^jij^l Jjljll JaJa^ ^y ^LiJl^wJll tSJUiUdl olJlJb-^1 ^ ^Ijjl oiJ^ 

c((^ ^ - O ^j jXJtJl ^1) n aJ^ ^]j (S^j^ o^^^. *i^y^ ^Jj^ Jl V-^^ 







Y»V 



. (-n cos A, n cosec A tg h) dj^ ^yap^\J:^\ SJLpLL ^^ijlll i (y) t^^^^l j^l Jjj 

jJIp ^^ ouuJij *(5^ai j^u a:i>l«>j iiaiif ovvij i^j^Ji juuji ^jl^ ^ .^.o^jl. 

jjLJj .SjjhUJl ^ LplJL>«i-*V j_^L-l J^^ *^y^y tSJUJip JjIJj>- *-• <Jj^l <^jJ*^ 
c^jUs mJUi^ 4^U ^j.sa« ^jfiy^ ^ oLi^^ljb« 4j| viJUUj V l^ (aJU^I »tj;>-Ml oJl* 
^^-..a^ ^ Ua-iU OU t^Ul (ftUil jjij!) ^_^-Jill Oii tdJUi J^ Iji^ -^JjjJ^' <:J^ 

b^^j ^^^ ^ iLXUJl J»Uj^l ^y L-lj l^'b U^M ^^Ijll ^>. (^jU 

^UJl Jl^^ ^ (J. J. SediUot) ^^JL-- .^.^yj Jiii .<JL>,jl-^^ ^JUl ^UjlaMI J* 
\M i f.UJl ^ ^Ml (L. A. p. SediUot) yS^ . c-^ .1 . J ^Lj U^ . iJjjil ^^^j 

. ^y\ cH\ «JUi t^ jJi jiiji t-i^i <y^ t« Jb- Jl Liyt^ i>rj^ 



Abu *Ali al'Hasan Ibn 'Ali al-Marrakushi, Traite des : jJiJl t j_^ jjtjji-l i-iJj-t J^^ ( ^ ^ ) 
instruments astronomiques des arabes compose au treizieme siecle par Ahoul Hassan AH du 
Maroc..., traduit de I'arabc par J. J. SediUot et public par L. A. SediUot, 2 vols. (Paris: 
Imprimeric royalc, 1834 - 1835), reimprime (Frankfurt: Institut fiir Geschichte der Arabisch - 
Islamischen Wissenschaften, 1985), et L. A. SediUot, «Memoire sur les instruments 
astronomiques des arabes,» Memoires de I'academie royale des inscriptions et belles - lettres de 
Vinstitut de France, vol. 1 (1844), pp. 1 - 229, reimprime (Frankfurt: Institut for Geschichte der 
Arabisch - Islamischen Wissenschaften, 1985). 



Y»A 




.5y.Uil ^y> JlaSU i^^l Jjljll ipUJ ^1 <Jjj^ a- ((^ 



T»^ 



;jj3llj :ujijjj| iJjjllj :LiiVl :lJjj1I ^^l gJLoj . sjuJbJl JjIjJL-I ^j -l1.> 
.a^L^^l J5Liu» Jjl>U (^.>^ illi* dliS Jl oUVL tU»j>Jil iljjilj iol>-^'l 

^ ^^u tiiJij (^Vl 11* J^ t^JJl ^^^^CUJL Ja-;^ «(5j'>Ji «3i>.» p— L cijjjdi 

iplls^J JjlJli-l ;>• ^y^ ^.^JiS\^\ j^\ju^ ^t/^^ liy^^ cj^^^^ lTT*' "'^J 
JjIJL?- «-^j JLij . jj^i^^l uHj-^^ Oi-^^^ Cjii <^^ U JL?- Jl cJlS" j_^l Jjl^l 
^ Jic!L -aJ>* j^ ^1 ^jA^\ b\ VI . Aiilit ^y> I.>i- v^iSfl Jjljll ^J 
J> ciljj>«Jl ^^rjJ J^ ^-^J ^*^ .SyfcLill jj^j^ Jaii- <i^y^\ Jjljil (»-^^ Jj'J-=!- 

4-^UiJj tAljjc- ^j^ i»jlijl- Jjljll ipll-,AJ Aj«-m-Ij JjIJL>- 0\5^JUJl ^ JbJjJl »J^ 
. Ljiu-ljJb AjJL ^ jOuZ Jjl JL^l oJUb cJl j L«j i J^mJoooIj JJLa^j SyfcUll Jsjjojl- 

aS o'yVl Jj obi! dl Jb Vj tJaSi Jjlj^ *-^ ^y^ J'^j^'^ '^dj^^ b^ Cyi\ 
j^\ j:>U^j (iJlaiAl jl iji4j) oUUU U.>i- v^>< Jj'i^' V^' tM 

.uu U5^ ;jjjii ;k^i^ s^^UaIi oUjl ^>wj 01^ vUluj t(oUii ^ju 

lz2i JL. JL3J .A^ ♦ • • aUJI JI^ *r^y t5* J-*^ ^"^^ ji4^^ (^^^^ cjU-saII ^^ri* 




^ ^N - » ^UJI Jl^ l^^c^ ,'^yL^ \Ji^\ '^jy cAil 



Yn 



j^^^a^LiJlj .^sAw-L) i2ii- Ls^l iilifc (i)^ <l)l (j^jjill j^j 4j^lflil S!:)LaJ Lli^ ciJJL* 

^ JbJbJl 6i ■ iJjjJ^I (J^ i-^jjidl S^IjJI ^^ V a..<it ik*-l^ jjw 4J^ j^^ t ^ j.S.a.4 

. IfPL-/* 6jL^ Jp ii-jjw» JLfclj-i ^j^i*: tc.tft ^_^lj LjJ y^l j....!jl;Vi Jjljil 

Jjl>! j^ iJLajl ^t SU*. ^.JL.^ (> \ _ O (Jj ojj^l ^ l^jzlS iljjll ol 
jLu- Ju^ ^1 JL4JI oUU iaii ^_^ U^jJa^ OV i.tj^ IJ^Ju SJL5li JJLC 1^1 



David A. King, «Three Sundials from Islamic Andalusia,» : ^1 1 4^X^ft Jjljll Jj»- ( ^ Y) 
Journal for the History of Arabic Science, vol. 2, no. 2 (November 1978), pp. 358 - 392, reprinted 
in: King, Islamic Astronomical Instruments^ XV. 

David A. King, «A Fourteenth - Century Tunisian Sundial for : ^^ i--J^l iljjil vi-Jti^j 
Regulating the Times of Muslim Prayer,» in: W. Saltzer and Y. Maeyama, e6&.^ Prismata: 
Festschrift far Willy Hartner (Wiesbaden: Franz Steiner, 1977), pp. 187 - 202, reprinted in: King, 
Islamic Astronomical Instruments, XVIII. 

Louis Janin, «Le Cadran solaire de la Mosquee Umayyade a : j!u\ i^UJl ^1 i^Jy 6j>- 
Damas,» Centaurus, vol, 16, no. 4 (1972), pp. 285 - 298, reprinted in: Edward Stewart Kennedy 
and I. Ghanem, The Life and Work of Ibn al-Shatir: An Arab Astronomer of the Fourteenth - 
Century (Aleppo: Institute for the History of Arabic Science, 1976). 
P. Casanova, «La Montrc du Sultan Noiir ad-D! : ^ (J«-'>5l t)j^l ty iSy'^ <Jjl>» t^'J^j 
n (544 de I'Hegire = 1159 - 1160),» Syria, vol. 4 (1923), pp. 282 - 299; Louis Janin and David A. 
King, «Le Cadran solaire de la Mosquee d*Ibn Tiilun au Caire,» Journal for the History of Arabic 
Science, vol. 2, no. 2 (November 1978), pp. 331 - 357, reprinted in: King, Islamic Astronomical 
Instruments, XVI; A. Bel, «Trouvailles archeologiques a Tlemcen: Un cadran solaire arabe,» 
Revue africaine, vol. 49 (1905), pp. 228 - 231; Louis Janin, «Quelques aspects recents de la 
gnomonique tunisienne,» Revue de I'occident musulman et de la Mediterranee, vol. 24 (1977), 
pp. 207 - 221, ct Henri Michel et A. Ben - EU, «Un cadran solaire remarquable,» Ciel et terre, 
vol. 81 (1965). 



Y\t 




(\\ 



i) ^J ijj^\ 



jiji jVT ij^Ctui l^^iJli ii»-J i ^^j» ti* i/^^' t-JiNull ii^) Lij^ tj^ "^iii 
• (criJ^ * (Alain Brieux) 



yfc iJjjll Jp ^^.haaJIj ^y>*^l oL>«:> ^Lj jl . iii-JL"' rje i^UJ^-l •jL*iU ^^ iJi* 
1*5 .^^^1 ^y ajjI^JI •:^LaJ| olijt olJbJL^ jt-fi Jl tJjVl SjJLJj c^^jji ^^JiJl 
j^^lyU" i^j— j^ jj-aJJ1 t-j^Aiil oL:;^«:l« Ol t^Jjjii J^ i»_^ia>Jli A-dil jj,a>iii3l j^Jaj 



t\r 



cJir V1.-5- tjJliJl r^ liiJL. Hma Jii :iJjjli •!* jiLij .sjLSlj ^^^ka^ ^^-Jj yij^ 
L^i^ :u5ij Uil :aj>. f►\rvY/^rv^ ^ uji ^ ^ ^ii cjJLp ^1^1 0^1 .-<s,^r,.. 

.\>..Al ^ cJ^j-JU ^Jbji? 4jjS cJUp U5 .AjJLsil ^ l^l^ ^y LsdjI S^St...* cJlj U 
^1 iJj>. jd-j L- J^ c^J^.i--lj t^Lp ^LJI OjiJI ^y::*- jJLp ^1^1 OjiJi j>« 
ciJl^ ^1 o'yVl cJJbitj JjljJL.1 c^jl;.!^! vUUJl^ cS!:jUJ1 oIjjI JbJL>^ >L!tJl 

iljjl! Ol Ur .j-s-a^l 5^)UaJj :L:l*>11 oULJU U^^i^ J^ tVUJLJI ifJLl ^ 

^^1 JJ iUi 20 Jl 20 ^ LiAJ J-^I>J <AJ^ ll»^^ S^Vl iljjll eJu J^j 
j_^ ^^,-^4-JLJI jjjJi jj-. Li^^UaJl <ii\ji^\ UJi 20 Jl 20 jjt J-^ljiJ kiilJi^ tftJbuj 
Lsiul iiL* .^^1 ^y li!:)Ua;i ^,....,r.li ,^jj> jJ iSJ^ 20 Ji 20 j^ J-^lyj ^^^^i 

JJ jjUpL* jj^ li^Aiii! j-.ajJl d!A-^ ^y>- i2Ji 20 JI 20 ^ 1}^^^^ <*•'>* «^l-i>«i^ 

. JJDI l>j^ JJj ^^1 -u. <*^l^lj iijllll jji::pLJJ oU^^ iil> <!)! LS tSt^UJl 

t a./alj ipL-. SjJLp il)^^ JUl f»^l jj>*i ^yj ^^^jJl 4 U -N.! J 4JJ>»1> ii^LA tl^y^l 

.>UI ^1 '^jy Jl ^Vl ^^^1 oUli fU Uii^ -ul i^jlkyi Jli Jij .:lpUI 

JJ cJj}\ S}JSj Lj^\ JL*j L. s^ ^_^ ^.j> JJ ^UiA*>U ^yidl cJ^lj t^UflJl 

yr » ...^ 4 t^jJdlj J j la 11 (J^L,^ J{ A;...;IL oJjJl <Jj^l aJLa fj'^^J • aJLiuj j4^1 

^JoJJlI oU^I ^jl;«i-J U5 .S!5La)I ftl* Jl :L--JU cJ^l j^LL l^J ^vsaJI ^y>^ 
JJaJl ^^ L-oui 4^1 J ^LUll j!^ Jl v^L cJ^I ^U3 jl^l ^Uj JJUl \j^ 
4 oUU .^"^ j\ ^J Jju tjLji ^Uull d\ y^ ^yu ot cJjll Ja* 4 i»^ktl • Ia Jp 

<jyjaJ\ *^\jj JJDl i'jr* J^ ^LwiJl j^l^ <^.>^ *^-^ c5jd <^i AlpUali^L (1)^^ Ui' 

YU 




y^p A^llil Oji)l ^^ 14a:U<> ^I ( 4JU<»^f t AJjjJli AAiUail 4>c.^ ^ »j>Mail j> 



Y\o 



ci^^ j\ A^jL yhJ}\ d^L^ JLiu oJljJl olb>iUl> CJ^I ^LlLaI U...J....* 01 . <V*-!J J^ 

oJl^l ;Ji^ jiljil t^jlkJiJl j_,:j>iJ> Jp JliJi ^ ^-^^ t>^ • r^h jt^ oUL- 
^ia^t^ (J^^^ <^' *^j^' ApQaiMiflj (l)j^ (iipLJl t-4.^j apU SjJLp «^^ ^r!^^ lM 
^1 JJ Uil^l ^ibJLJl jLiJ-l pj JLij . Jdl pjJl ^ i^jUJl _^1 ^ ^sJ^\ *}] 
Jp Ujl^l ^^^^ j:l\j tl^b _;i^l :ili>JLJl L^^ iAfi'U\ >,a.^j UU syLp v^^ 
^ *pl^ Jp JJb VIL.J {Jj^'^b ^*J^V' j> i^ J^" >L^' jj^l <Ij>- 01 .iJj^l 
. HVY (.U 4,JJI c^U:,.nli ^ JjVl Sjlu iJj^l «JL* ciJ-^j Oij .LJl •■*;■.! 

Ujt j^ 't/«^V' •^JLJLiJl pip ^y JjSlI Oj^l Jl :>j^ k^y^ ^jy ^} Jt* I- 

4jijAp i3jj^ ^_^ 4 t^a.LJll j^JiLJl '^,^j J-.A* UjJU<a^ ^.^^ ^jy f-*^' <^l 
J^j iJL^^I oIpLJI ^Li3 ^Jo^i^j .^S\^* /\\o^ ^IjJl ^ cw,;./» t ii»-— j hj-^ 

^jj J^^ W^ <T^ J^^ cT'^j^' <y ^^^^ Vj^' (>• •'^^-J c/* ^^ jj.di-LiJl 0^ 

(_^JLllj cL^JIp ^>>-jii (j^^ J^ • V^j oIpLu cJ^l jj-Li dUJb ^^^•'•ij cJ»jJttit| 
Aj:>^l OULJI JbJL>d f JLi.1*-; i»^^l 01 4 ^_^j ^;;j jJl jy OUaUl Jl JlJL*l j>.-^ 
c^IpL-S' oiJL^ oJl5 ^./?wllj ^bll J^L4> olijt Ot ^lU-J li* jAj to^LJl olijtj 

^\ c^ 4^UI Ojill ^ JIoijI tiiij^l iJj>JLJ IjULiJl jiS^] fjJ\ ci^ 

Jbj-jJ CJlS' 4«ilpJ . I Jlj^l ia^ ^^ 4Jj>mlAJ Aj^j^a^ll iUL»ji ^_^X»U (^JUl t tii^,>«l^» 

J^ jjp JJaJ ^;;iyL iL,<al* c^^^l S^LaJj aJL4j ipL- J^ ^j^ Jj'j^' ••^^ ti^ 

^1) j_,-Jail l4Jw»j j^l *iUL:5 4 Jjl Jbr ol ^ V J . ,j...>».tl e;j!5UJV jjJ^\j uy^ 

.Jb^Lll j\yJ Jp Jjljll flJUk JfL. :tf^llMa3 ^U- Asry iJuOA cJl^ 4(«!ApI 



t^n 



^1 ^3^1 

<jT j\ iLxu LjV yLp ^1^1 dj^\ jti >LiJi ^1 t5jj-Ji ^^.saiJi ^1 

iUS Up ^ i]5U i^^l UJb^l pljrrSlI JS* o.*^ Jiij /^^^iJ^cL4 oVU*i-.L 

f'ljS) S^Uap CU-j f-UajJl ^jl>- (Jpj . J-/>U>« (jS frUaJu Uii^ ( <*^,j^ SJLpLL J.*jJI 
ol iJVl ^JL^::..»4 ,2^5C*j ^-ifj 4i?jiii-l ^ iJLJL- Jji OljjJLli ^.ki».T (^j>cSj> 

^^ d\ .>lk;JJ t>^. U5 . 50"j 40°j 30° ^^1 i»>^j JA^JIJ ^^lil ^lUl <■ ^ 

4-*:li j2;5'UI iL- jj^ iLJU dilij tt5jU-Jl frljl-^Vl lap- ^ ^l>^ V ^^ J^^ 

fut LSl_^! tL^\jlj' dj^ d\ LfiP'UaI---L (1)^^ '"^r^ il^joi JL«Uc-« jXjLj o^UaJI 
Ji> AjpLJI ajjIjJI l^\ji ^j^^^-tj t JL«JtJl S^^l cjL/ij j^ ^1 j»_>«j (_^i «-« j] ^ j .., o ... tH 

^ LijiX^ U9_^k?- J^ 4.j..Vi% iljjj. 01 Ui" . frUaJJl J^ ■^,>^>^ ti^^^ «^W^ f*-^ 
AiJtll <wuj-^l Sj4>-I ^Jp cL'LjJI j-« JJUL j^jJ *^^**^ Ut^y i>^*^ ciS'^y>«i* A5»«*A.^ 

dUJi^ cftJbcjj j-^l JJ ;JlJLip*yi oULJl S^ly ^.Ut...; t JiCJJl IJLf. ipj-s^^l 

^_j:l>»1^ (1)1 fliUlpLj frj^^ka^ t>l^ ^Llil ^;^1 jl j^) j-sA*Jl ipL^ J^pb>- ojj M.Sa.'L^Jt 

l^ UjV c^Lp ^^ULl 0^1 J-^j /U4I >J:il Jiii ^^JU^I ci^i t>U)l L.1 

jl*-^ j^ /^J^ J^^J t^Jiil SJLpIj ^ ijai ^^ ^ CJL* '(5^'-^ >~a.saj ^j-^^ i>* 
(^^^-^ jLf>- jj^ UajI »^Uj U5 .tils' ^ji»jf' ^o-f ^ ^ j_^jU-«Jl f'\jlJ)i\ Jai- jlj^ 



Janin and King, Kabnal-Shatir'Siawi^^flZ-yflwa^fr; i^^^ ^LiJl ^V ,_,SXiJl ^j^jUl ^/i^; (^r) 
An Astronomical «Compendiiim»t» pp. 187 - 256. 

S. Tekeli, «(The) Equatorial Armilla of Iz(z) al-Din b. t^^ 'i^Li^ t^^^^-LiJl ^j!iUl ^jJ 
Muhammad al-Wafa*i and (the) Torquetum,» Ankara Universitesi Dil ve Tarih - Cojrafya 
Fakultesi Dergisi, vol. 18 (1960), pp. 227 - 259; W. Brice, C. Imber and R. Lorch, «The Da'ire-yi 
Mu'addal of Seydi *Ali Rc'is,» paper presented at: Seminar on Early Islamic Science, University 
of Manchester, 1, 1976, and Muammer Dizer, «The Da'irat al-Mu'addal in the Kandilli 
Observatory, and Some Remarks on the EarUest Recorded Islamic Values of the Magnetic 
Dechnation,]» Journal for the History of Arabic Science, vol. 1, no. 2 (November 1977), pp. 257 - 
262. 



Y^v 



o 



1} 



hy 



^y -L^'j^l (^" c^-^' ^^ >* *^Jjj' t5* ^Jj^' V"jJ^ cK*^^ <^' j^-J^ t Jji^l^l 0^ 
^j-«j 4.1,.,/i.tf « <J,^y-^ ijl J-* yL>- dlS" 4:l^ t jJLp viJLiil Ujill ^ Libros del Saber 




(Nr« t)jj;jSj^i 



AjjI Ji ^UaJ (ti^v^ J'^^^ ftjufl.* c •U'iJui A^i^' («-^^ (k-yj^ ji^ 
jiJut \jj^iL» IfiJj ii«-J) jj^^ Ja^ c|' J^ t|»Jf^ i^^' J^ 

. (Jj,'.W..>l ((Kandilli) ,^xS JU»^ 'f.>^' Cr-^^ 



cIJJlJLI S^b» ^L ^yu jl> ^y ^ pV 
^ Jai- (^l Jp tjtJfJ i^Sl jt ^^..ft M.it 4-pLJI 



t^A 



cJ^ ,>aiJI ^L2JI :ol2il (JU :dJlsJI ^,-^1 



J^J- 



<ia-u«ljj t^U- J^-ij ^cJ_^ <^j^JLiJl (^Ui3l (JLp jJ^ «oliJtl -JLp-» j_,.«— u L» d\ 



..jSJbit Jljj iait UJ StA-aJl oUjt o>L-^ ^ Ux^j . j_^jS/l j_;^j^l ia^ ^yj 
ijP^ iw> ^y »^j-lJl il^jJbLlj j^^l OT^I ^^ i^J^I S*>Ua)l olijl OiO^ JLaJ 

_ I) ^j jJSJJ\ j)Su\) cJ^l cUUi JL. j^Mi JSCiu coiJlj i^%Ji ^\^\ dj^\ ^ 

J-^1^1 IjlJj . Ji^l ^y ^_,.-.«JtJl ^y u-Jo L.JLLP ic-ij^^ '"^^^-^ (>^>^' JvUJl 

oJ_^l Ix. U^ . JI^JI Jp tjl^l ^Lij JJJl J*_^ jl:lp ^Ij pUuJI j!)UJ i^^Jl 
ol Jij^::>\J L.JLLP t^l t Jlj^l Ja^ ^j.».i^\ jjU^" Ol Jbu tSiLp ij4^\ S^^UaJ jSU-I 



«Salat,» dans: Encyclopedic de I'Jslam. '.JUlA i*!>L-)/l ^ oljJLsoll J^ ( \ O 

K. Lech, Geschichte des Islamischen Kultus : ^JiJI t m ... ..>3.,.._Lt JjS/l oljj U t .tl Jj-?-j 
(Wiesbaden: Otto Harrassowitz, [n. d.]), Bd. 2: Z)ffls Ge^ef. 

«Mikat,» dans: Encyclopedic de I'Islam. : \^\ ^1 ( f ^^ I ^^ c-i^l ^LS Jj»- oU ijj J*-l ^ 

Eilhard E. Wiedemann :^l i^jaiJI j^Uall ^ j^ L^ tS^^I olSjI olJbJi^ J_p- (\6) 

and J. Frank, «Dic Gcbetszeiten im Islam,» Sitzungsberichte der Physikalischmedizinischen 

Sozietdt in Erlangen. Bd. 58 (1926), pp. 1 - 32, rcimprime dans: Eilhard E. Wiedemann, Aufsdtze 

zur Arabischen Wissenschaftsgeschichte, Collectanea; VI, 2 vols. (Hildesheim; New York: G. 

Hms, 1970), vol. 2, pp. 757 - 788. 

Kennedy [et al.]. Studies in the Islamic Exact Sciences, : jJiJl 4^jj-^l iJLiL^ Jjj-l ^ 

pp. 299 - 310. 

David A. King, «New Light on the Origin of the Prayers :J^\ lolJbOxiil tJu y a' dy 

in Islam,» in: Oriens. 



YM 



j-,A*3l S%^ c5**jJ' J-^LiJI iJU US' .^ya^LLS\ iij]» Aij jIJLSaj ^y-^ jI ft-^ cflj^^^ti 
NiiU^ j^\ iJL* 7«-waj UJLIp j^^fJ^ i^ya^\Jj\ JjJaJ IjjL*^ JiaJl j-^ T'r^j UjULP 



c^^*^l 




^r^l 



y>ll 



ybl^ :iU-.l_^ UJ13I cj\jL^\ cj\sj\j ij!)UiJl J> iOx^lj. lujl^l ol/s^l 



YT 




(\r.i)^jj^\ 



4^^1j (^yl\j ^XVl) ^1 J^>UJ A^j^ Ja^j}\ djji^\ olJbJLi^ 

AxJLlI ^ Lfl Uiiji! ijjijJl oULJI frU-^1 ^ Akiljt AJJI4JI oljJUxll pU— I jJLJ 
oljivaJl olijl JbO^ J^j • I^J^ j-^ (>^' Jl W.Jj^J jj-A-iJl Jjj-i ^>o t>^jJl 
(^.sAaJIj ^^^laJlj (^5>>-s^l olJbJl^ (J^^-^ ^-*^ .AJJt^l (^U-LJJ IjcJ oljJUoil lu^^ 



David A. King, \^\ i^LllI ciULUl oLU>. ^_^j i^l^iiil l^ ^_^jt jJl c>LL-*.H dj>- (n) 

«A Survey of Medieval Islamic Shadow Schemes for Simple Timereckoning,» Zeitschrift fur 

Geschichte der Arabisch - Islamischen Wissenschaften, Bd. 4 (1987). 



YY^ 



oJLaj JJaJI j^ ^ A^ ^r:ej^ AjJLJk 4.11.; ■/» Xin^ljj V^J-^^ oULJlj C^ljJLsoil aJLft 



jll j^LS J>'l j^ J^Uai) ilay^ 4^Lm>- ^^IhA? 



^yJ L^j 'J^^^J .i*5LiJl i^jUil ^ U--lj ijUtjJl ciyJ ji oM^lj JjlJlJr^ Ol 
>»^Ls^alU JjLhJI 4.,kMjiJ cil^l ^ cJ^UaiJ 4ltt.j.>.>j oL.*^- ^t^U^ <k^ljj I^U...<^ (^>^ 

aJu* ^^«J tSiUj .^L-jJl ^Uai-i <,.,.... LijJL^ pU- Lfi^ j-^1 ^, , , fl llj 4iJLJ 

: ( jlill 0^1^ ^^ Jl ij*^ ^l ^j4JI A^ IjU) jiUttll 
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J5J o1Jl>-j *....» ^l ^ tj-^1 S^O frJb JllP t JiaJl JjlaJ iiiljil ^^Jill (!)! 



•^ 



ApU. JS" ^ JliJi Jjl» Jb-l^ J;>-1 ^ c5^ J^l ^rfUJ-1 j^Utflil ,j^Jo *->j Jlilj 

JJill j^ JbJL>d Lpla>.i--L (.^jt (^Ij tU-ljj j^' <i--.^l cJlS'j .jW^^ <>• S^j 
iji-^l oULJL ^^Li[ (T<6) yk oJj ^y cojj^lali Jtxp j_^^Vl oJb- Jl 4....-.IL t(As) 



T = 6n / (As + n) 



:oVU. >:i ^ j_^JlJlI jj-<UJl l^ai^l ^t cJ^Jl ^l^ ^ J^ (\V) 
M. - L. Davidian; N. Nadir and Bernard R. Goldstein, in: Kennedy [et al.], Ibid., 



YYY 



apLJLJ As = n |«^1 JbJL>«iJ c^jl>«1u<I Ik^ Jj\ aJL* . ^j^o^LJl J^ n Jlw »^*y>- 
ULJI JL.JL>«iJ As - 2nj 4(^,/m.llj jy>-^l »Jb) jLfJl ^ o^Ulj iUJliJl V^jJl 

A^ljj J^b^ ^^ ».l>«?...7 Jljj M ccJjJl <i» ...2i 4l(a^...» (^^1 ^^^ <^^J ^J 



(\U 



i^l ^Ul JjlaJLl ^jiSl 



Olijl ia--^ *^Jj^^ dj^\ JjlJLJt-l ^j c^jJl yfc t>»jjl>^l Ol «-ijj^l (>• 

^1 ii}j\jJr^ filfc (ji^»j •■it^^^ ^Ul OjiJi ijlJb ^ ilaJu ^ ctUSj tjLfiJl S!^ 

iloJ- ^ t JjJtf Sa^j o^^JLp- ,_,2:^Lj ^J^^i^ Ji» Jl>l»l tilJLij ^j^ -iai- L^Lm^ -♦J 

_ O *ij Sjj-^1 jJaJl) (^L*JI ^ f\j\ <Lm JA J-v^jljii t^^ (J^-^ iiLk*) ^j-^^JLJI 
^ tjW-^' cl^lijl Oh^ c4la^...> (^^1 JjtJ^ i««-Mij U^i i^jj^j^^ ^-^J "^J .((^i 

.4*-Jjij Aaw9 jJp JjlJ^t-l •'J^ ^-^--^ •^J 4Jj-.^jil ^j.^».JLli f^j)/ UJ iA-LiJ oUL- 



:j!u\ t^^l l.>5- J5a I^Ijl;^-.! ^ ^1 (oVT, JjlJb-) J>Ll J^;- (\A) 
David A. King: «Universal Solutions in Islamic Astronomy,» in: J. L. Berggren and Bernard 
Raphael Goldstein, eds., From Ancient Omens to Statistical Mechanics: Essays on the Exact 
Sciences Presented to Asger Aaboe (Copenhagen: [n. pb.], 1987), pp. 121 - 132, and «Universal 
Solutions to Problems of Spherical Astronomy from Mamluk Egypt and Syria,» in: Farhad 
Kazemi and R. D. McChesney, eds., A Way Prepared: Essays on Islamic Culture in Honor of 
Richard Bayly Winder (New York: New York University Press, ''1988), pp. 153 - 184. 
^ L5!^l jLfJl UL. u-jLJ-j i%^\ oUjI JbJLxii o,U:,,,U Aijyl\ Jjl-U-I ^Ji\ ^j>- ( ^ <{) 
King, «A1-Khwaria and New Trends in Mathematical Astronomy in the : ^JiJl t^,» .iti HiJjl 
Ninth Ccntury,» especially pp. 7-11. 

IJub ,y»^ itJjljLI i^^yj <ij^ : Jjijll **li-^ :^liil *— ^l» :Jal\ i.Aj^yj ^-l^ljll J^»- 
David A. King, «The Astronomy of the Mamluks,» Isis, vol. 74, no. 274 : \ ^\ jJi-ilj t J-vaJJl 
(December 1983), pp. 539 - 540 and 534 - 535, reprinted in: David A. King, Islamic 
Mathematical Astronomy, Variorum Reprint, CS 231 (London: Variorum Reprints, 1986), III. 

David A. King, «On the Role of the : ^1 t jl>-LJlI ^^ ^^laJil cJ^I «-^ll>- a ^y J j>. 

Muezzin and the Muwaqqit in Medieval Islamic Society,» paper presented at: A. I, Sabra, ed.. 
Proceedings of the Conference on Islamic Intellectual History, Harvard University, May 1988. 



TYr 




JbJ^^cl ^Ji^.i*-i ^Jj^ Lr*^l <J->-^ C^' 

; U^ ^- i-'<\£ oj^l tOV^r Ahlwardt t^^) 
. (Deutsche staatsbibliothek jtJA ^ ^,J di\ 



YY£ 



T = 1/15 arc sin (sin h/ sin H), 
JL* ^^^.jLkh cJ^l (T < 6) J 4 Jlj^l ^LL-jVl H c^^^JlI ^^-.^I jU-jl h Jii d^ 

US' ciUSj th = H Ojio U-U* T = 6 J th = 0^ Uju^ T = ol ;5^) 

Jjj .(^IJLLpVI j^ ^j..o.t.ll ijJrj -Up iaii iLJj ^ '^'j^^ c/* t4w^./i.ll ftJLA ul 

. (h < H) (jujl^l ^y.JbJl ^y i>-j^ J53 ii4i cT (h, H) j>rUl ^1 JjJb- 

AjjIjJI A.»,>Ai j] (T A^ijl^t ol>>jJb ^.■■a.M.,ll (3jj^ ^^^ ^^■.<qiaUi C^ljJI JbJbO yc».^ 
^ <p ii.^ iSj <pj h j>« litiUiJl jl iHj h aZj^\ ^ U^UaJl ct iLUll :LpLJ| 
^ Ji^o. .(H = 90° - <p + 8 Ol Jl ^^) (5jl>Jl JJlI ^ 5j J>Jl1 ^^I Jai^ 
aLc (wn;>- <iy aJIjJI AlJL>«iy-l oLUjJI t-ikJj tD ^jJl t-a.^i (^j^l »::^UUjJ1 aJL* 
. (ollUil jJL^ \jJLs^ ^j^\^\ J-soiJl ^0 (vers G = 1 - cos 8) JLvl^l ^y^ Ljl^JI 
^ Oj-JUlI UjIjcl-.! ^1 4^_,Ja-y-^l OjjJlJl ^^ OiL- ^1 ijpjjJl 4,w.j...rt.H <-*:^j 

: JU3I jillJl Jp (3iii^l l^\J) ijLA jiU- 

vers t = vers (D - T) = vers D - sin h vers D/ sin H; 

jjp iLful ii^ ip^^^l iJLJii Jjj^ iJL-^l ftJL* ^Jp <1j^-mu J^^-,<ai-l jj^^.*Jj 

4^^ljJJ ,^^1 Oj^Jl Jt i^ <^l ou-saU ;JiUil ^l^eoJ^l o^-aII Jp Loit Jj-^l 

: JUI jClJl Jp c-u^ ^_^j ii^-Ll^ oLUa> tt ijpLJl 

cos t = (sin h — sin 5 sin (p) / (cos 5 cos <pX 
015 jJj . AJLwiJl oJif] Aiil^ ol«^ (1>j^uLI dj-JLil o^^jSXDl ^jl>«:l^1 jjj 



YYo 




tOP i^jL- II jj^\j tEQ (W) ^ cijl , ... II ,^l>L-^^fl J*i- .NES (W) 

tB ^y Jlj^l Jai- Jp ^jVl ^. lA ^y tijU- ^^ {^>. .Z ^1^1 c-wj 
4jjI_)J1 ^UJ :XK <^^b apUjjI j^Uj tX Ufli- Uij^ ii-uj .C ^ Jiljj 
i>jljJl ila-»l^ j\) TQ (^jU-mJI #.lji-*»Vl jj-_^ <i»-*l^ ila^JJl aJL> ^ LpLJI 

. EK JiVl j^ji ilk-l^ c.^.Jt ^lij (TPQ 



. i«.^j jfl Qfiy^\ ^^a>- 

ii--^ jjp Ll^ c 3lJLi-j L/»U- T (h, H) J VjJL>- Uajl j^L«l j2^ jJp «-^j Jjj 
^\jf' Ty^j ^^ -^'-^ i-^Ul-l <Uiil S^LaII Jj!JL>- jj-« JbJliJl Jai,?- jJj . UJi iJlik* 
Jl aUNL cjliil J-^ Jp 4 JjlJbLl oJu LUlj .i!^ ^ ^IJLll 0^1 Jl i^^, 

01 Jl-«jl»J11 ^j^j . c—Jl ^U jjt ^jj JXI cfJLISj 4 J-mJJI «jl4 4 <*-«^l fl^UflJl oUjl 

^LJj JJLII I»^^ JLiP jj-^4-.iJl ^\Jl>^\ ijjij -La-JLl ol^JLiJ oJL?-j tiiJljJl j_^j 
oJi^j Ur .i':)UJLJ ^Idl OjOJl ^y u-^LLl ,_^^ ,^^1 Qp ^ ^h tjLjJl 

(JJlJj t j . /7wI |j j-flaJl (J^L^ SiJbJil oLla>JJl ^y j..>a.M>ll f^jl 0^ i <LAAi« JjlJ^ 
ij^ ^1 li^S/l i-^iiJl jU^Sfl jj^ JbJLiJl j_^ UH3j U^^ ^t>^lj ^^>«^l cUl^ 



ttn 




Y Y 



O A' 



(\^-£)^j J^l 



^ U^AJeul <^LJl AjjIjJl JbJLa^ f>-«-M^ «analemme» ^ «_y'*->-^ ^-U; 
Ajj^l ojl A . Ji <JtJl d\ . U c^L? («-?«^ jl j..4> mil iy^}S AaJjV) 
L^Li^l Si jt j»ju ^Li SJb-^ IS^L. UU-i dJULi ^^tj ^Lut o*^ 
OQ Jli iaJU JLl. .SQBN JIj>II iai- i^>^-— <> JLiUi^ jXJLj 
' Ji^^b ^--jtll Sy'^b (^jU-Jl ^1>L>VI i«- JI>JI Jp SNj A' B' J 

jCiii jp ZXK ^^) jAijjVi SyMi jJa; .X Ua,,. X' iikiJi j_^-j 
^> ^- X : Jlj^JI Jai^ t^>L-^ Jp ZO LfpUJi J^ ((^ £ _ O j»ij 
LUit ^^ .XiYi = sin \i^l ^ ^^ ^XiS = h 01 "l—^o cXi 
JiLUl J> AB j^^) l^^\ sylAJI jJaJ i5JUp . BY = sin H ot JI 
U) Jljjjl Jai- t^^^i-^ Jp B :aaiJL jUil U>i J^ ((\ £ _ O jjj 
_ £) -tJj JSwJl Jp) X iiiiJi Jii;j .(cos 5 LfpU-i s^li ^y ^ 
^^j c((\ . £) j^j J5LUI Jp) X2 ^ ^-j BA' Jp L^^ ((\ £ 

ot JI jJl:^ . D ^^jJi <,tf./i; ,_;^ji)i BA ,_^--i;j 4 :lpLJi iujijji BX2 

:dJUiJ ijwJ .Ol^LlL. l> BYA' J BZX' a^\ 

BX / BA' = vers t/ vers D - BZ/BY = (sin H - sin h) / sin H 

.t (h, H) J J^j\ 6j>il ^ OiL- ^1 l^jl^S ow^l U ^ 



YYV 




t\V»l 






YYA 



(YO 



'^^j\ ^\ j^ ^1 jUi^vi J siUj .iwoiii v^yi j^j^^ ^jj^^ ji 

J> i«- Jlx X cL-^ 4T (h. X) jt T (h, H) L.1 ^- ^j c:^^ jin JjlaJL-l .JL> 
^V>-*Vl^ ;jS/ i>-U ^Li> ^15 JjIaJLI *Ju jl^I f Ijl;u^I j>-I ^j . ^..^.Ui 

l^^ ^tA-^ ^^b <;i^^* a:H>3* oy UUpNI L:\ilii\ JjlJii^l j>: ^:)L^ 
ui^'j cf^ V^>> Jj^-J^' <^l ••^>il V^--^ ^^^^J^' lP^' c> lU— ' (> -^ 



: (^IjiJl Jp ^1 ki}jAa^\j jjjy tj^JiJ^j J^A tjAl tSj>U]l JjlJj*- ti^UjX* J_^ (Y») 
David A. King: «Ibn Yunus' Very Useful Tables for Reckoning Time by the Sun»» Archive for 
History of Exact Sciences, vol. 10 (1973), pp. 342 - 394; «Mathematical Astronomy in Medieval 
Ycmcn,y> Arabian Studies, vol. 5 (1979), p. 63, and ^Astronomical Timekeeping in Fourteenth - 
Century Syria,» paper presented at: Proceedings of the First International Symposisan for the 
History of Arabic Science... 1976 (Aleppo: University of Aleppo. Institute for the History of Arabic 
Science, 1978), voL 2, pp. 75 - 84 and planches; Edward Stewart Kennedy and David A. King, 
«Indian Astronomy in Fourteenth - Century Fez: The Versified Zij of al-Qusuiitim,» Journal for the 
History of Arabic Science, vol. 6, nos. 1 - 2 (1982), pp. 8 - 9. and David A. King, «Astronomical 
Timekeeping in Ottoman Turkeys paper presented at: Muammer Dizer, ed., Proceedings of the 
International Symposium on the Observatories in Islam, Istanbul, 19 - 23 September 1977 (Istanbul: 
[n. pb.], 1980), pp. 245 - 269. 

King, Islamic Mathematical Astronomy. : jJ oMlill •!> JS" *^ -L^t -lij 

Rjda A. K. Irani. «Tlie i^^ljilt Jp >j| tUUVl JJli-lj j^ ^Ij J^ Jjl^ J_^ (r\) 
Jadwal at' Taqwim of Habash al-Ha8ib,» (Unpublished M. A. Dissertation, American University 
of Beirut, 1956); Oaus Jensen, «Abii Nasr Mansur's Approach to Spherical Astronomy as 
Developed in His Treatise t(The Table of Minutest, a Centaurus. vol. 16, no. 1 (1971), pp. 1-19, 
and David A. King, «A1-Khalili*s Auxiliary Tables for Solving Problems of Spherical 
Astronomy ,» Journal for the History of Astronomy, vol. 4 (1973), pp. 99 - 100, reprinted in: 
King, Islamic Mathematical Astronomy. 



YY^ 



\yj*j oi j*-^ Ui" 4j^ J5 ^ ^r^b y^* <^liaJ- ,_^ J^sUiJl ii_^A^ j^-^Jlp ol^ 
<j:jUjJLjill fljUh tiJlS'j «. JJDl -Is^r* •'^ cf^^J >>*^' /JLU^ *aip j^Jij fSj^ Jj^ ti' 
jl JjlJL>*j LiUi^Vl Jl o-U-^ o^i^ll 4>^ |i "^-J^ . W^i^ C:*"-*i J^^ iJ^Ua-* 

^15^1 ^^JiS* ^y St^Lflilj iiijcll J^^-^l ^ -u^jj^ ^j_r^^ oLUiJl 61 . a-^ CjVT 

.(<^L-2^Vi ji L^\) fUJi f^ilLJLj ;k;J^' '^LiJjli 
^ .i*A*ip <ilU Jj-^1 ^ o':)L*U ^UJl OjiJl jy jb-b>- jj^ j-.*!^ jij 

iCJ^ ,,,^^1 cT*^' LJ^J l5Jj^' dJLLkJI JLp ^ O j . /i . ^-^ w» cOnJU-aS" jyj-^j^ 
, Al^njt ^Llj-^ 4y.***»J.*j ojjj-^L (jja-jj^ iJj^ t)' c)j^ U^ 

IJ4J ^ Jij .oV^I j>pj tij^^l ^11^)1 ,y^ l>rj^ UJ> t^U jiL«a> ^^^ ljt>lL;ij 
*^U- : JUi jijjjJl ojlJbj^ J-^ jjfcj . sjbJLP ojjiJ oLail pip jL-> ^JL4 j! .^jll 

^;jL^ ^yi J^ t|Jb Jp J_,Vl Sj^ 4i^lj^ CJ JLij . 0I5JLI -ip j^ oLUiij #^5jU1 

^Ui 0>ii ^ cyy\j L->Vl (Sedillot) 



viUJj) JjlJbr ipj^ t^^ljJJ j^Ia> jjbj t^^^l ^^jJl *^L^ ^^^1 Ur 

^y, j^l ^j^lliJl L^l Aj jl^ tULjl JjI Ljjj L.JLJ ^ i^>-Jf j>P jwilj JSCIj 
flJlA ^jJa^j /"r^J^ (^ '■^J ' oj>UJL jj,*»U-l t-T^j^J -^ <-iJL]ij t J_^l J*^J l^pLaljN 

David A. King, Studies in Astronomical : j_li_;l iS^j_dl JjlJ-JL-i J-SU Jt^ J-^^ u^ 
Timekeeping in Islam (New York: Springer - Vcrlag, [n. d.]), voL 1: A Survey of Tables for 
Reckoning Time by the Sun and Stars, and vol 2: A Survey of Tables for Regulating the Times of 
Prayer. 



IT 



J^A^ cJjJ^ tT*^ *-^ SyfcliJl Jjl^ iijJLi c~».UlI-^I JLij . Ji-JL4 c^l o>^'^ jV^ 

4 ^■<>.lll <3jj-i -^ (.x"^-^' cJjJl J**j ^^--'j-" '-'j'*^" ^j-^i • J** ^o,.A'Jj . Lj-Mfcil 
J> iai- i^j^ J^ o-*-^' ^^— 'J '(-rAi' J^ t^WJ' ^^0 V^' ^u'>Jb 
^ ^Vl ^>Jr' i'^.>' i^l ir^^ '^ </^' il^lx^ JiiLU JjlJL^ ^j) ^^-.^ 
-iJI fliJjl ^^^ \SJ>^ JjIJL^ Uajt (^-soJj k{{\\ - O ^j Sjj^l ^0 (iJjJlli 




j»Ji (jJSS JjjJ[-l 1,^1*^ • *^jJ^ j-jL-J- ^Jj>«Iw «j>UJl 4>jJU jJ Jjl-A^ ^ iJai* 

tc 4.Jij ^j^xW Jj^ iL. ^^.rta.li cJ^lj <s\JS\ i»jijJl :tti':)^ili o'yijJi 

JUj Ai»-J ^ t -'^'l _ ■'^^o 0l:^j>Ji 1*^^* ola-. t<^l jb cSybUJl) jiVt 



Yr^ 



^^ ^j..j»^\ dj^ LiJLP ijPtJl lij^_^h <j-*^' ^Jj ij-^i ^^iai- ^y ijpLJl -ijjljjlj 

oUwJl ^^^ ^j . (3S) JUit ^1 Jp 2':>L<iJL l^ jkj :)! oijll Jp ^jk^^ ^l 
iiV Sj-> oJl^ ^l il^^\ ^1^1 JLiL* •l^b jLcj JjJbr .HJLjb s^Ul jt X^^J^\ 
^ <i^tji« JLiUli ftJL* cJlS" jUu . ^^^Um'jJI Ojjill *^y JtAi- SyhLdJl #-1*-.- ^ ^^liJLI 

L^ ''^J^ <*-^ i*:»-rtTllj ^LjijiJ JUUllI ^^yiau^jJl L)jjiil SajlpJI iltJji Jjl» J, .%./i7 

.(a-iJi : jjVi ^1 >;i) tijijJi ^^^1 ^^ ,_^-^i 3jj^ j>^ 

ii^iJi\j^[ JjlJL:»- j.»..yi';; ^i^jjil ij^^^ Jj^ L>»--*lj UJj^ (iJJii' j--^l ^^JJ 
^jt ^t-^—J L5 tiiiiit <j-»j* -^,>^*^ tlJLlSj i*iiMl Jjljli (Jp oL:>^( **-^ y>a ...i' 

oLi>uil fiJuk cJl^j . ( Jjljll ULu<» : t^Ul ^< all j^l) SyiUJl ,j>^ iii- ^ij 

cjL:-->u.di cJl5' l*^ iSjjkUit JL;»-L- ^ j'>—l J-^ tJjljil <aIi-,^ j«i jj^L^ <>->; SJLi^ 
. i%^\ Jl ji^ll Sy>jJ jjyi cJjJl ^JL4 <:jI 4y>iJ ^^ ^r^b >^^ i*^liLl 

iia-^iljj Ijlji *JL>«i— J <3tj jj^^^l J*j-la> ^^-^ yr i vu Ol ^J/»JlA\ ^ c)L^ tC-ijJl 

« tf./i; D Jli .^.-^ tT (h, H, D) ^^ ;JjJL>JlI ^iljJl IS[ . ^ j:>.iJl ik^-l^^ SUj ^j-^.!,ll 
Jr* j^ Jl lP"'^' ^-^ Cf^ji Jj-^» '^ c>-? *cP^' <i> tij^-Jl f^l *ijj o-^ 

<li\j dj^ JS t SJU>-j i>m— Ij (^^ LJIj A--1j J^-^ ^JL;i*i«u I <l^j , OjJLi *jj 

^ iSj^\ A'aW.* ^ l^'L- ^iJ-oJl ucj^l JU^lj ^^l>l oLLiS' CwjL. Jij 

(fU^ij ^Y<\^ Oi>ui ^ f,^) cJ^Vi oikui ^u- j^ /Juj . J^^i ^ 
^>L*Ji ^_^i ^ U5 . t>t^i>i ^y ^ <y->i— "^ijH^i J^ ^> t^j l5^^ 

^ cJjJl <^LjiJ JjlJbr iJjX* 4j^ ^y Jbjll oUaJLJl JLIP J.*^ (^Ul t JjJbJl j^I 
iU ^y ^I .Loj ^JL^ ^ \^mJ,j j\J^\ li> ^y 'CjJ^ ^jt oJli'j 4 JJUlj JI4JI 



rrt 



q] \j>cj\ jjJlJI i^^\ ^ JjJbJl jLf' •^Ji\ (j^l oy Ijm\j^\ ^ji jli'j 



Si Up! 



^1^1 0^1 J!^ Ljj-- ^^ cJ^I ^U 

oLVjk-*t iJLJL- tj-ui> Xrfi* <;t JUJ t^JJI ^r'j— J' <>i^ ijM-^ «j^^* {"j^l 

^jj . j-,A> ^J iiliiJl jJLp t^LlJl jjjij 45jll l> cOlj^T jLj_^ ^'^jtt^ OLJdi 
5>UaJD ti>»^1 Jj^-J^J 4ij^LJl UjjD JjlJb»- <^j-^ ^-^J *^*r^ Wj>^ Jl tij^^ 

^1 tdUi ^ cS:J .SjLJl ^iUJlj t^jJiJI dULiJl jJIp ^ oUiaI ^LlJl ^^1 4j>^j 
.(Jjl^H ;pIi^ :<^bJl ^\ J^[) Ii--^l ^!>L->1 ^^1 ^ cJy. :iJj> JJ^t 

J^j c JJULI ^_jlJI ^^^.^ ^^i A. Jp iLLiUil jj^» ^ (^Vl fAJkJl J-^ Jij 

_ O pij Sjj-^1 >:1) >LlJl ^l L^JLrj ^y.JLUl (^j^l ctUi ^j oi^l >y> 

;:Ui^VL; cJ^i ^Lii sajJlIj JjIjl>JU vtVt'li Aijjx. ^ijL^.i-1 j^i^i Jiij .((^v 

J5CJ JjJL>- Jii .j^Ip (**^^' *^J^' lT^ J^-i (^ 4o^A^l c^lij! A :U.'dj ^^^-•JJL 

J-s^LiJI ^^,>»M.H L^jjfi-j j-,ajJl ^IjLIjI ^^ jj^J^^ J-^Liil ij-.AjJl #IJUj1 JlP iupLJI 
-^Jt^ U^) (^' Jt^^ ^>^ ^<>-iJl *>i* ^ JJJl •> ^ j-^t ijlfj *jtf^l ijtf lT^jJI 

^ Li*)ai:l cS^^^I J^ ^j:l^ ^^I cJ^I ^>>*^I S>j Kj^l ^-Ut* ,_^ JJUl 
iai- ^ J5UajIj oUjjJL sOa*^ tiJbJl .LtL-L co^ljJl .Ju J5J Ji-Ul d\ 



rrr 



p^Pi 




S.j\i^^ 0J.\ JjjJrl JJ^. -c^' Lfr*^J ^ J^-^ =^>^' ^J'-^ <>" C^^ 



m 



jr c_— b- UU»J vllb. oVljJ iij\j^ owaj ;^ii JJ ^iU^L I JJUi-l ^jj 

f (cp, 0) = R sin 9 / COS 9 
g (cp , 6) = sin tg <p/R 
k (x, y) = arc cos (Rx/y) 

ol* ^ JJ-lJuJJ Ju.1531 :>Jl^I jjUiij . R - 60 ^ ^^^^^ .i^^ljJl ^L>-1 vU^ 

t(h,5,<p) = k{[f((p,h)-g((p,5)],5} 

j^ U^Oi;! ^Ull) Jii^l a c..^.Jl Oi* c^i Jl iiL^VL .iijOJ-l ^wiJJ iJ^Ull 

:JLJ1 JSIUI Jp>^ (J1j>Jl S^ 

a(h,5,<p) = k{[g((p,h)-f(cp, 5)l,h}- 

t io Jb>- oU.lUstf.»t t Lj-L:»- 4>^^ ill—* ajI L^jLc J^ 01 JjIjlJL-I ©JLa -Jal-J 

' L?J^>^^ tUlllllI e^L-J>- ^ (»LklJl <— w»- Ow> iia-^l^^ 

VU-VI -^jl-^ fJL^-:^l <^f j^^ -(iit^l : Jj^l {--iJl j^l) Ohr^j^l J>JI ^j 
LlUij LUJLi U^lj St>LAJLJ Jji-^j v^l Jjl-^ /;:<* (^ M ' ^^^^r*-U j-^ cr-^'j 

. L-pydi jA ^j^\ ^j>^ ..^ai^ D>UdiJ JjIop- lUJJi^ 

LS'y ^ <tioLiJ.I ^JL^* _j 5-^Ui-l oljjia."Jl J^ J-^^j SjjbUJi ^^^jX* ^b jlS' 

ij tjJLa^j SjjkLiJI cjUjJL* j\jJ> J^ 'I^^ 0-* L^j^^ u-^^^j ^^-JJ^I *J-f: 4_s^l^l 
0-* <_fij-/» j>j t (Vefa) LLi ?^t--lJD LUU ?»jI^1 ?*jjJI j^ iij-ill aJL^J 5t>L^ JjiJb> 



Jb- J^ 



"ry 



^Jl^ C JJJtj jL^Jl Ji>l j^H\ ^jpi iJu. ^_j '((\A - O (Jj ljy^\ >J1) 



Yro 




,^^ t^JliiJl JjlJL+1 <>- Uloiu^t ^ :^\S (^jM i(JcJt) iii-bJI t^O^Kj^l 



trn 



J^j^j t jliJij Jj^l ^^Ij L^^^\^Jj^\ ^^Alw»>J Uij l^ ^1) S^-^iiJI oUU 
^ s:>U iii:i-j tUOll ^^\ J ^j^\ ^J (i)^' j:i\ <^is^\j tjL^I ^jii^j JJJl 

,^^ «--liJl djii\ ,js>- ^\s^>^:J^\ JLi 
^ - * ^* i-L^lj_j c-JjJl «^L-^ JjlJiJUj ^ ij«--<lj tuLpj-fl^ c-o v^j jjj 

«-s^j Lvi" . ^^^i>. ..tJLj L^U- Jjl-^ ^_^*^ t^^jJLc' ^iLJl (JjJiJl 4jLji ^ J J , ; U , J 

j_^ i_*ji.-J» i^jJ^ c^Lp j-^liJi jjiJl ^y t5jU_iJl ^y ^ j ,ia. ^Aj^ \ t^JLlil ^U^ 

, Jj.'.^o,! ^j^ JLp Ijl^ ^Li U»j1 cJlS' Jij . cJ^l v-jL-i- Jj1jJL-1 

ajjj— Jlj 4j^,^l iiijLJl JjlJJ*-! ^ iJUlJl JjiA^-l oJu jj-fl*j j^ i-*— ' ilLiA 

Jl j^ ^..o...H i-^jji^ jl ^^t^ r-tAk^l J> i-v jW^' oUL- ^ (1)1 ^_^j tl^ 

C^jJl (^1 ^rr--^ (j*^' (OU'LJl L-u^j-A? c-*^ il i<— *jlj-iJl ^J^i->u *bjli«j (^j.i» .t.ll <^jj^ 

A*i^ cSlA-^ Jj|jL>- A-s^j /»j Jjj •(»Lil <iuiLi i:....Aa.«l L-J^ cP^*^ /*-^ j'*^^^*^ '^<_^j^''* 

c^_jSj -^jij y^j^^ 2-V*-! dr^'-*^ <il*i-» ii>jJait j^LsA^ ^ s^j^j^ t^S/l iJi-k 
flJbJLP loliJ^ tDji»-lill aJUJLiJIj i-S^jJLftll J J .•! m \\ ^ i^i^ylyS fuj*j Jij .AjC^^^ 

H^\ olSj^ iujbLl JjlJiJUi 



:>j| t^,>,Ml c^j> Jip 2^ v^> **^^' ^j^ Vr>-! (i-J^' 't/>Jl ^>liwVl dj^ (TY) 
J. Wurschmidl, «Die Zeitrechnung im Osmanischeii Reicli,» Deutsche Optische Wochemchrift 
(1917), pp. 88 - 100. 
td>:jjll i^Juiu-j LilS" ^\ i(^j^l iJ^-*^' Jj^L-JJ ii-Lll (jLLi ^^l t muvakkithane Jj^ 

A. S, Unver, «Osmanli T^kerinde tim Tarihinde Muvakldthancler,» AtatUrk :^ ^ ;| 

Konferenslart. vol. 5 (1975), pp. 217 - 257. 



Yrv 



^^,,0^ jl JL^Jll jt iJbJlt o-UlI ;>^L,^* ^Uk ;ijJLLl JjljJLl *-^" ^1 ol -3II 

Aif-^^ I /^tr^ aJLjc* AjjJb lI^LpLij JajU- oLpLri I^J.« ^J^ '^J ' fj"-*^^ iijj^J 

\Zy^ ^L>*-J ^*-J j-SCIj ciihi: iP^ ojJlJlI S!>UiJl olijt ^y JJJ ^_^ ^J>^1 



YrA 



_0- 



jjl^ *l^l Epitome astronomiae Copernicanae ^y ajIjLj ^ (Kepler) jJLS* ^Jbu 

^ L.U ^yJl .ilUJI jOp (»W-l ji^ c>^ Uj^ jJl ^y>S\ Cf^^yr ^^ Jj 



Kepler, Gesammelte Werke, Bd. VII, edited by M. Caspar (Munich: (n. pbj, : j— li—il (>) 
1953), p. 23. 

Olaf Pederscn, «The Corpus Astronomiciim and the TraditioDS of Mediaeval Latin Astronomy,* 
paper presented at: CoUoquia Copemicana, Studia Copemicana; 13 (Wroclaw: OssoUncum, 1975), 
pp. 57 - 96. 



rr^ 



tijjU— Jl ol5j^l ijj>- LUJJ fl^j-s^liJtl j^Uit ^JJuu Jl iiU^l tiUJi ^UjIj J^ 

^j /'^cjj>Ji J>Sfij ^^^Jj^\ ^j>J^ v»>^^i y^tj^i J^ ^^^ J^^.j 

J-JLjJI oLL.3- ^ Jjt\S JLli; jj^ Jl /»-i^i j^^^ aaJLriII 4.,/>-<3l lIjU-U*-I o:>! 
(Bede) JU ajw^j t^Ul 4 De iemporum raiione iJjil jjI J> tiUij t iJ>l-L>-^ (_5--*>^' 
frU-1 If. cJa.Jjl ^Ij c^Lp^I l-iL-^ ^ oU: ■•7U ftJub (i)! "yi X^SXt^ ^U (j^i) 
^ A^J^ ^jiC; ] t (Garlande) jJMjLp jl (Dicuil) Jj^^^-^ ji (Raban Maur) jj^ uLjIj 

C;2i tilill c^U^.ui ji'Jil iihit jjlj:^ iku-ljj c-J'l^l olS'^^ (Bede) JU jj-^ JLii 

J^lJl JL, y^UJuJJ y-.^l JJ-^lj :>U^jSfi J! c J^lj jT ^j c,>-jJi Oj^il 

j1jL«; ^^ ^ j_^ ji t J^ ..rt n7 ^j— I Jp IJUh ULi* ^ (jU (1)1 tA^aJ^ 'o^^ *^ 

L^ tiuy^ JUp^/ U;-:^! ol^^l J^ ^-^1 <_.yJl ^ U^U^I C.'^^l ^j^ 

Ot l^LkLw-l ^^JlJl <^^ia— 'jJl Jjj-SJl V^ ->' ^^^' ^-^ (*1J^ ^^ J-^ (J^ O-J ^' 

De magnis j\ Introductorium maius JJL« ^i^LaJj^ 4JL-<jL« {.J-XJI ^/^^^^ ^^' cU^i-JL 



c5^^ l^^ ^ *c^'^' (il-Jl Jl cj^l c^LjJI JUL::! J_^ LJlJL^ _^\ ^^1 Jl (O 
Juan Vemet, Ce que la culture doit awe arabes d'Espagne, traduit de Tespaguol par : ^j^j—f- j— * 
Gabriel Martinez Gros, la bibliothdque arabe, collection I'histoire decoloni&^e (Paris: Sindbad, 
1985), traduction allemandet Die Spanisch - arabische Kultur in Orient und Okiident (Zilrich/ 
Munich: [n. pb.], 1984). 

Charles Homer Haskins, Studies in the History of : iJLi. ySLalh n^y ^Jlj oJi ^ ^j^^,J 
Mediaeval Science, 2''** ed. (Cambridge: Harvard University Press, 1927), reprinted (New York: 
Ungar Pub. Co., 1960). 

Francis James Carmody, arabic Astronomical and Astrological Sciences in Latin : Uiul j^\ 
Translation: A Critical Bibliography (Berkeley, Calif.: University of California Press, 1956). 
Paul Kunitzsch: Arabische Stemnamen in Europa : ^JtiJl tSj_^S/l JLUi..;. H ^JL* Jj-s- (T) 
(Wiesbaden: Otto Harrassowitz, 1959), and Typen von Sternverzeichnissen in Astronomischen 
Handschriften des Zehnten bis Vierzehnten Jahrkunderts (Wiesbaden: Otto Harrassowitz, 1966). 



T£ 



. ^^^^t)Ul ^•:j:^\ Jfi- 6t)LJLl ^{i}\ jjiJl ijl^) ^L^ i^V SOlUll coniunctionibus 
c-Jlji-l (j^ ^UaiI cJJl^ tolJJL iiCU)l ij^l J;L^ Jp ' J^^^ tli-'^^ i^>-J 

cJj^ ^ j_^-')Ul ^UJi ^;^ t (Planisphere) l/S\ ^k-J <iJ>» ^ l»U«i)fl I JL> olj^j 
(Hermann le j_^lljJI jUy^ Li^y j!)l^ ^y ciiiij i^JU jWl j>Jl ^_^ "^1 ^1 IJla 
. ^^ • • ♦ ^UJl Jl_p- ^-kj^^l A»l...^ <iii y^j^ ij/iJ ^^ \ iV aLjJI ^ Dalmathe) 
Jb ^HJ^H\ Jl ii^rttiV 2^-i+l v^ jL-i ^ v»JL^' l.L>j^il cJ^- t JuUiLj 

(Gerbert) ^j^ •-U--1I j«>.,^i:; ^ytj tij:L:!AJb <^^Jcl\ oUl^l Jjl ^^..awJI liJUi ^ 
(Llobet de ^>JLi^l o^^j (i^l^i ^j^l-JiJL- L.jj LL -L*. U^ ^^ t^JJI) 
^j-p 3 jL-p ^ ftJLfc ci>Lfl.:.>.rtUj . (Hennann le Boiteux) _^1 j-j jJ jLtjjkj Barcelone) 

Ojiil ^y ol^^l ^2r* *-J4-^- iULi Oj^ ^ . ^ -L>- JXIj ljVI ,^1^- Lf:iy^ ^Jl^ J 

Richard Joseph Lemay, Abu Ma'shar and Latin Aristotelianism in the Twelfth \ j .ia. U (V) 
Century: The Recovery of Aristotle's Natural Philosophy through Arabic Astrology, American 
University of Beirut, Publication of the Faculty of Arts and Sciences, Oriental Series; no. 38 
(Beirut: American University of Beirut, 1962). 
oU*^ jliT ^yC ^\ (iil^l \J^ J--^)'' ^^^y. *^J^ ^^ magnis coniunctionibus tJLip 01 

Georg Joachim Rhaticus, Narratio prima, fcdition critique, traduction fran^aisc, : ^_^ [ 4 \ \^\ 
commentaire par H. Hugonnard - Roche et J. P. Vcrdct, avec la coUaboration de M. P. Lemer 
et A. Scgonds, Studia Copernicana; 20 (Wroclaw: Ossolincum, 1982), pp. 47 - 48 et 98 - 99. 

Jose Maria MillAs Vallicrosa, Assaig : ^^ t tJ^^^ '"^ Cr^ i-X-— !A-^ i—lji JL>- jj ('\) 

d'histSria. de les idees fisiquesi matemdtiques a la Catahmya medieval. [Barcelona], Estudis 

universitaris Catalans, serie monogrifica; I (Barcelona: Institucio Patxot, 1931- ). 

Jose Maria MiMs Vallicrosa, Nuevos estudios sobre historia de ; ^J ^y^\ ly'j*^^ ^^ J^^ 

la ciencia esparlola (Barcelona: Conscjo Superior de Investigaciones Gentfficas, 1960), pp. 79 - 

115. 



ru 



(\ \ i _ Wri Jl^) (Platon de TivoU) J_^l 0>:Ail i>y I4I* Jj^ c^ t^llJl 
cXibit ;L^t L:jN JUpI ^^ U^ t(f ^ •ro /jk£Y"\ ^UJl j_^l) jU^l ^^l v_iJ^ 
. U i Y Jlj^) (Adelard de Bath) ^L j^ jV^^ SJiiLJl JL^Vl <iJLJj L^jl- ^JU 

J , jlii O^-*^^ j\(^\\i^) (Robert de Chester) ^ : '. jj ^^jj jl (^ U H 

jU^Sllj cIjU^jjJI ftJLA c-'>w-,> Jjj .(^^ M ^ a:u- J-J) (Raymond de Marseille) 

^ij^i j>> jLii cciUi ji uuyL . ;ivi dJl^ ^•l^i pa>L ^-t>ui .y^ju aw»S[i 

Oj^l i.1^ ^^^ <IV1 -Jl+J ^^^.UxJl jjaJI ^U,1 ^^jlJi'^^I^ ^ ^'^JaJi\ 
(Jean de J^)/l b^^ U^^J ^/^^ Ve^l ^>Jl r^j jLiiil ^j-«-^ U^ < J*-^^^ 
j^LlJI o jUl oV) <JLJ1 *Li U Jl ^>«^ ^jl (f ^ ^ <>r > \ \r 6 Jl_^) SevUle) 

.(i^>UU 




(^_d)^^JS^^l 

J^>l \:^y_ Ajt^j iJJl •U I. i^ji *<Ul ^Li I. 

. ( > 6 X T Ashmole t j^^jj aj;^ iJ»^Uit 4 ijji^S'jI) 

yVl J^ De Compositione ^\ liJ *iJULi L. ^^1:^0 i-:-r:iUl Ifrj^S .i^ 61^ 



Y£Y 




. ( M t ^^1 ^L- cu>-ii ^J»^ t :^jjL^j\) ^-Jj:1 w^^^^t 

^-Jl JjJaJ' J»jiai- *^jM>- 4>.-A^ H Aij 4U>»i Y6 *j^ J| O^^^S^! j-Ijj 



rir 









i.^J^ 






A . 



^^'^ 



^ "^ 



^ -^"^^ 



>' .'■^%& 







Jl Ja--jJl uj^l ^ ^i ^ tiJLiiJi j^^wiJl bc^^^l ISIj . ^^.^\ J 4ejL-Jl 



rti 



^UJl ^ J>J^O J^jj^^ ;>• jUi*-- ^^\j ^y^y. ^ «^^y*j Jj^^' ^^ Jl ^^ 

Uajt jlxL^l <:-*j i^^Vl i-iJjll IJL* j->*i 5^^j-i' i-*l^ «l)j-4^ j-fi»l Jlij . (A^ \ • • 
23 ; _j SjJLiil ^jS\ dLii J^ UJj t^lj^d^l ^^ (>• 17 ; 50° Jp ^j-.*JJI ^jl ^y 
IJUb U j^^»-^ .23 ; 50° ^jMj ^^JLl^ ULLpI ^^I <^\ Jp L^J-iii ^1 c33, 30° 
b"^^^ i.^j^^\ ^liUJl pip Jp t^yJl ^*yi oLw ^ ^jj\j irc.^ ;k^!iUj Jlill 

. JLiJlj jjiliJl ^y ^ju».t.ll 

jJLp Ji ui^"^ JL:^j3i Ji-aii J^^" iiSfi fti* ;--iji jbu ^ o!>uiJ y^P jtiii a^iii 

fl^t r;x: <j>....t1I flJiA c-^j .<j5^l JjlJJi-l dJLlJb j^j ij^ Jb- Jl ULjI JS\ 

JjlJUr V^^ ipj^j>«ll (-saTj ^(<>*jit iJ^ij^ Jjl^j i Jil Jjl^j t^IsUlj M^.S:..,ll 
JjlJUrj t ci^lJL9-bU ^jJl J— J-jJl JjlJUr : ^Ij^rt <juJ jj> U}y ^j u-51jiCJl 

^ .^7 tf^^ij -U^J^^ 'i'jJ*^ Jjl-^J toViUil Jj1JL?-j tik^^l oLilJi^Nl 

ccJj— iCJlj «^j--ji-Lj j^lj ^j.. ftM.il JI^L <5^ LfJ oLu Jjl-i?" isJlllI <pj.*iJll 
. . .c5>^l c-^l^l JLmj j-^I ijj^j >il olit^^Lj ^i^ iaJ^-j 

jUi jjia^ uu p^* . t>i^i <*i— <^i iS^\ W-^ (f ^ ^Tn ji^) ci^l j^ jN^I 

j:> ^jj U-^j ^1 JjMl M^y oJOi Jjj t(j.<\Y^ /-* rW (.UJI ^ J^l) 

Emmanuel PouUe, «Le Traite d*astrolabe de Raymond de Marseille,)) : t-Jjll IJU ytJ ( \ • ) 
5/w/i medieval^ vol. 5 (1964), pp. 866 - 904, 

Emmanuel Poulle, «Raymond of Marseilles,)) in: Dictionary of Scientific Biography, 18 vols. (New 
York: Scribner, 1970 - 1990), vol. 11, pp. 321 - 323. 



no 



(Platon de JA^I O^^l Jl SJ^UJl v^' ^j^' (>- C^^'j^' c^^- Jrf (ij ^j- ■* 

/^^V^^ ^AV f^Ull ^y J>10 (Gerard de Cremone) 0^^^^ ji jlj->- 

JjIjJL JjJUj ^_^ 'A*'jJ' c^ KJjIJbfJ 'ci^jjJ' til '^'''""j ^' J^^-^i '^^--^ <i>-LiL«J 
^Jl>»1^\j . \.X^jA uy» Jo^ A^ ^IjIjj j_j>«-j— AI j^jjJilll Vi.j,k*-iLj l^i^i^ L«-» L5^ jj'>^' 

^1 tjy^l iUUU JJl i23 ; 33, 30'' U^l ^ySiJic^JiS ^ <iJ>. ^^ U5 c jj^^ 
^jV iJl-J^' ^>^' ^,>^^ jJLp Jp 01^ ivUJi Jl oU»^L.j . JljjjJl j>. UjUi--l 

rj' («^'j-« J^^ ij^ UtJ^^ t.5^^' tJjlJL:>- A>U5 ilpl '^J ' J^ji^l U*^j' C5^' ^j-w«-iJl 

^jil IJuh JiLij .aiti.U7 JjlJL;;- Jj ^^^^^^^,k-^l ^^^^yjk i^l::^^ Oj^./ j^ jl^«^ 
j^j JiLlJl) c-^l^l ^\y ♦-jL^ ^ yJLLJl iL>iJ j^^\ c-/yJl Jl J>.:> Jjl 

^ <i^l ,j,*a^Ji?j . JlSj^l ^ SjUl^l Jj^ jV^ ^L« ^ J5LL ^Sj c((\ - O) 

yr^-pm^/i' »jt ciuoi-l iJiUlj ij5"J^I iliUij 4 4ia— .^1 iS'^y>iJLl c^^^-jj- fj-«->.^ rW^I 
Al-^lji j^r^ Oj-*jj ^yaJU»l*^ c (5^1 i^Jj- jj-*j . 'L-— <Lj frlj>-i ik-^l^ S^^Vl iliUil 
.,,IU:7 LJOLiJI JjljJt-l (jl J^- ^^Ij c^j-^^ Lfi^ ^1 S^l Jlij^l JjIaJL 

jiLi. ^\jsc^^ aJ^Lp Jjijbr ciUaii 4.1^ J juud](^\oir .\ ivr) ^^^^ 



r»^ 



frl>*;t ^ cXUaJliy Jj1JL>- <_^I--«I JSCl^j t4-^yJl Jjl-li-l ^Uil aS"^ o 



. De scientiis astrorum : d\^ 
:J J-^l JJUdl ^)>- ^ t4lUU JjljJL ^iJ:^ sy^ ctUiT Jir> ^f (^^) 
G. J. Toomcr, «A Survey of the Toledan Tables,» Osiris, vol. 15 (1968), pp. 5 - 174. 

:^J f^dynj j-» JjdT Ji ^>-A' 4j-;^l ol^^ ^^ ^ i>«5V Ju^-y (^Y*) 
R. Lemay, «Cjerard of Cremona,» in: Dictionary of Scientific Biography, vol. 15, pp. 173 - 192. 
Paul Kunitzsch, Der Almagest: Die :J^\ t,-k-^l ^li^ <^'^\ » <iijj^\ JLi^^l J>-I j^ 
Syntaxis Mathematica des Claudius Ptolemdus in Arabisch - lateinischer Uberlieferung 
(Wiesbaden: Otto Harrassowitz, 1974). 



Yin 







^UJl Jl^ (Abraham Ibn Ezra) Ij^ ^^ f^^^j*} U^^J 'jii <J'jJ -^ Jj'-J^ j^J^ «1)5 
t^\\o» - \M^ uN^UJl ^ ^yl«Ji ji j^jj :^yu dJc^ Jljj Jai. Jjlo^rj t^^^U 
UiJo* iSjf^Sj t/»N ^VA ^UJl ^ (Hereford) ^jy^ W*-^J '-^^ <^-^ *^^ <Jj'-^-j 
. . .(Cremone) dj^^jSj (Novare) jli^j (Malines) (jJUj (^\YrY) OjlJ OJLI SJL«^ 



Jose Maria MiUas Vallicrosa, Estudios sobre : ^y c-j»^ jJI c:jL.jJUit jj^U- J5Ll> ^li;! ( \ i) 
Azarquiel (Madrid: Consejo Superior de Investegaciones Cientiificas, Institute «Miguel Asiin», 
Escuelas de Estudios Arabes de Madrid y Granada, 1943 - 1950), pp. 365 - 394. 



riv 



ij'-^L)^. JbJ c5^*^ V-^*^ 'j^ 'uit— djM' tjjj^Lill JJ ^^ U-w# Vj cU^U- UUutlj 
J^ .iUS Jl oL^)/L| JL^-1. c^^JLp ^^^U^I 0^1 Jl ^^i^j yLp ^1^1 0^1 Jl 
.jJls^ ^\j^\ OjJ^\ oIjLj ^ 4^^^L ^ cULUJl ^ J^ oU^^L^I Ij^I ^.JDI 

Ju^ J^j . l^.^^ ^^ J^' *^ JLiJL>uS Jj t «^l^l »3l^ «--»LJ- J5L-^1 |H-^ ^^^^J«^ 

4;j^i^l ^y L^ L-j ^W' • iL-J A--iJj^ ijjd juil ^jJl JU- jjb IJuh jli" t JUtll 
Jl?-1 jJ <-^ jjb 4Jl Jli (^JJl (*^r*V Jlj->- «^) (Profatius) ^j^-j-JLij^ <jwi»j Jij 

p-ij>-i v^bj- J[ 4 /^»,./al7 ^_^ 4j-s^lliJl a^JbCL* <Pj.«jf ^-Jb eJL* AlJa,. 1 U JjlJbj-j 

o*y^L*-4 JjlJUr J^I ^j^ 4-v>U^) jLiJl (>• c5j-^lj '((^^ J^^-^ c-^ljXll 
S^l JjloJLl Jl jt ^li„.>,li Jl ij^- ^1 f^LjSll ^ U^ Jl oU)/L <(c-^l_^l 
C*jIj Jl ^^,ia--_^l JjjJiJl <_^ «-jj--JlI Z)e morw octavae spherae Jl ^IS'j ^ j; A\»A 
Jl ^yiii; AJLlk JjlJL5»- (1)1 UfciU- A>wJ Jl c-^-i"^! ^ M^l '>J^ (i-^Ji ' *y crt' 



c^i_^i ^ tju^ jsii. jii^- aiat jjijb- ^ i5!5Ua:i i^l^ j^- ^^i ^i^sJi ^\y. oi (^0 

G. J. Toomer, «Prophatius Judaeus and the : ^^ ^ULIS ^ L.-S' t (Profatius) ^^Li j^ j^ *_>• 
Toledan Tables,» Isis. vol. 64, no. 223 (September 1973), pp. 351 - 355. 
Oy^,J ji jlj->- 14*-^ J ^yJl ;j-;^l i;.^! oytJ Jij . ^311 lifJ t^yJl ^1 iU[ ^_ |1 ( ^ •;) 
Millas Vallicrosa, Ibid., pp. 487 - 509, reimprime dans: Millas Vallicrosa, Nuevos estudios : ,_, — i 
sobre historia de la ciencia espanola, pp. 191 - 209, et dans: Francis James Carmody, The 
Astronomical Works of Thabit b. Qurra (Berkeley, Calif.: University of California Press, 1960). 

Pierre Maurice Marie Duhem, Le : Laju! ^Jil\ 4 JUj>ll J| 4.?„, ; (Millas Vallicrosa) Ijj^^U 

Systeme du monde: Histoire des doctrines cosmologiques de Platon a Copernic. 10 vols. (Paris: A. 

Hermann, 1914 - 1959), vol. 2, pp. 246 et ss. 

Faiz Jamil Ragep, «Cosmography in the Tadhkira : JbJi:*- ^y a:^- *ili Ji ^Lw.Ml J-^S/I ^ 

of Nasir al-D!n al-'Iusi,» (Unpublished Doctoral Dissertation, Harvard University, Department 

of History of Sciences, 1982), pp. 219 - 229. 

Otto Neugebauer, «Thabit ben Qurra «0n the Solar Year» : ^y ^^yrj^ rj^ ^ <^y ^^ 

and «On the Motion of the Eighth Sphere»,» Proceedings of the American Philosophical Society, 

vol. 106. no. 3 (June 1962), pp. 264 - 299. 



YU 



t^jLJ rjj^\ «iAJU Jjl i*J iLupL ^Ilail oUti^l JjJi>- c-jLj*- j^ t Jlill J^^ J*i 
j^-JaiJil 2-i^l Jj^ l-jL«j». ^" tjo- ^ i.lj^\ JjIJLJUI ^ 5^_p->- ^yfcj c23 ; 5^ 
SJl*^^;| i^L^ ^ lI.^ t>-T JliL. i]U . jUl l^Jl^.1^1 ^1 23 ; 35° ^JiJl ^l^l 
IJL^J tiji'^l ci^)l:>.:AJ ^jciJLiit ucuj J-. Li*:^! Sy^jJl iJ^U^ Jj*U»- eiJjJ ^_^l 
^j^ J^ oj../a.?iU ^>jitjiJl ^ «w^ljXll ol5jJ- ,_^-Ua JJl^ t^I c-iLp (!)! . fc_*5^l 

sx.jJ-1 j^b L*-^ ^V>A J\ j^ dUD . Uj^JL^jL^I ^^Ul j5ljSfl Oh?V^» Jl 

l^l^il ^1 O^^JbdU ^15C*:I [^ j^l-Vl ^ ^j tilla-il» JjlJLrr oU^ LfM,..a; iSI 
iljij ^^^-^JLkj JULP UJbJL^ l^y CJlS" ^_^1 c 4.. MO. Ml iaSL-^l ^ Jj^l ip-jjJL 

.jSUiS Uij 23 ; 33") ^j^l .iUi J^j Sj^Lil ISy^ U^j i^jUl <uJl J> JJ 
c(^h,„->,ll ^ Oijj ^^1 2 ; 51, 20'* i^l ^ Uy> jUJ Uij 23 ; 35°j id^\i\ 
Uij Uj^ 2 ; 29, 30 t jLlJJ Liij Uj^ 2 ; 4, 45) ^„ ..Ml t^J^J^l cJ^^Lii-Vlj 
Jp c^jtr-^ Uij JJ-l jvi ^1*^. a* <^5 i 30° Jp) ,^^..*JJ1 jyt ^^j (o-Jt^J^ 
• (^^^V (>^ ^^' Jl V^-*^' ^^ ^^^ •^''^" -^ '^J ^2 ; 45° Jp 4 jliJLI Uij 82 ; 17° 

^■f»-Jj ^j.^>.»-Ua; I^JLp J-/i^ ^^l /%-jiJl ^^ oU^^L^^tjU Vy^' (Jis^JUJl ^LijS\ (1)1 

^ 9\\aJ>\j ^\s'^CJ>>i\ tJju j.^ j^ Jjh : JbJl JSLdl Jp ilLil ^ylSJc: .4-^ 
^v^ iJU-l oJLa ^^ j^ ^1 liijL-jJl p-J ^ JjjJ» JL«1 Jp Ol^yj^ A tiU»jV! 
^L-^LJl Oj^l JLl^ c)i^^....>i,T.1i ^-*J>-I ?0>i-l ctUS j_^I:>- LftJU«9j j^ i LIjLS'jJ*- i5jJ>-J 

J^\ (^JUlj cijUJUl ij^>l ^SUJL cil^ ^ tiJUl tjbJI oJi JjVl ..j->LJLJ 



Willy Hartner, <(AI- Battam,» in: Dictionary of Scientific :<>• J? ^/il ^\ (Ji*- j*«»:lJ (\V) 

Biography, vol. 1, pp. 507 - 516. 

Carmody, The : ^1 . dj^,jS j^ jl^->- Jl l^j^I i.^ — Jj 4 <j;;-;*iOl U^-jJI t5->>*j^ c/'j-* ( ^ ^) 

Astronomical Works of TH^it b. Qurra. 

^jju *iiJS Jp oj^ jjfcj t L^ ilj^JLi <^\ bJla jt (Regis Morelon) bjijj^ crrf^J <^b -^J 

Thabit Ibn Qurra, CEuvres : jJDI : t^LJ J) ijjo V j ,_f^y ^J-i ^^ ^j* s-^ -^ t^j*^' J-^^' "J^ 

d'astronomie, textc etabli et traduit par Regis Morelon (Paris: Les Belles lettres, 1987), pp. xlvi - lii. 



Yt^ 



^ \J>y' AL^ "^"^ c^ *-^b *^j^) cT'jt*^ ^>*" tj^ ^^r* y^ "j-^^ ^^ iUipL 
iDemotu octavae spherae i^\:S ^y oJJ JUai J>-'^\ jy»'^'\\ Ul .(i-^ ^ * * c** '*^J^ 

Ljjj IjJu JL>-lj (1)1 ^^ ^Jiij L>-i>*J jj-naJ jUj t jj« jI IJLa JJ-^ •^^j • 'Suj'* 

frlji-.'^l -la^ Jp 23 ; 33° i^ J5L.J c*jI^ L^O;^! -^.-^^ ui^ ^J^^ ^^ j^.Mj 
'd\^\ r-jj AjlJbj (JJ^\ r/f ^^'^ pLo ...'? ^Ji^daiJ ^y IJLa r-Jj^' "-^ AjJojL (^JUl 

J»-^ ^'*^J (^"^^ ^^ ^1*^ io^a ..^y i^ j Jc>/> ;J-^j5IJLJ ^^j£yS jbiaiJl jljUb ^;-l*U 

t (^,^>-i3l (il A™J^ *^^ ^^^ i3j>.i* j>-T ^j^ ciUi Jl t)U-^l oil* j^^^i:^ 4 c)ljil 

r-^ AjIJLj J-«k^ L«»A1^J . J^cJIJLLpMI (jukiJi j^ f-ljl«-Vl k^ ftjj*^ JJULaJI IJU ^iaijj 

jt-ji jLii^i /tJ Jlij . frl^^I-^Vl Ja^ J^ l^XtSl <^j^ (^ (3^—*^ V^rf-r^' iiaiJl jji 
^ ^iUil t^t) ;^ji ± 10 ; 45° jj^ ,^\ \J{ ^J^ jk-to ^S>«J1 li* 4> iaSL-^l 
JiUu AjjJLiJliJI <$j^\ Ijj^ <^ CJlS'j t(i-j«-jjJl iiaJLJij i]^p»lil J-^l r-jj ijtJL> 

'^y L)tA^-ij uuJUl «recessio»j «accessio» J^cuJ^L j_pa-.-jJl <l)jjiil ii-i ^y c^j.^^> 

A^JLL^I olf-LiJ^I ^ jtjSl *l^i iiJ;^J jj*j ^J^j^ v:l*U'^Lji-1 ^^p-j ^j^ (^^^ ^Uaiil 
4...,',*j cj^jil <i!>b^L cc-^^ J5 J! 4,,^-JL; Jil i^UiiiVl ^jlp jJLclj .4. JU,II 

u^i^ 4]^yi\ i^lj cib^l v^l^ ;k^jdl a£j^\) iHaJO* Jjl-L>- ^ :ujai! 



:^l 4^^^l Ojyill ,^ ^U JSlli SjiLlI oLj^ Jj*-j 4^ij-»^l 1-^ J>^ (^'^) 
R. Mercier, «Studies in the Medieval Conception of Precession,» Archives intemationales d'histoire 
des sciences: vol. 26 (1976), pp. 197 - 220, et vol. 27 (1977), pp. 33 - 71. 

:J ;^>JI .JL^ '4i^J.\ ^y^\ ^ ^JLP J-U Jllil J-w. Jp J>^ (TO 

John David North, Richard of Wcdlingford: An Edition of His Writings, 3 vols. (Oxford: Clarendon 
Press, 1976), vol. 3, pp. 238 - 270. 

.iJ-U-l JJLUJli j! tJ.U.11 ^IJLiJl ^yJl UU- (T \) 



ro^ 



^ oViUil JjlJbr o' "^l t<ijjj*il ^LJl JjlJiJ^-l ^j^ 4 1 S: ... * oju biy (Ui-Jl 

^_^» IU.lt juL/ilb jJLiCJ Uji jj-^jJl *blL-Vl JSCjLj ftj^^l ^^ 4JiU> Jj-A^r jl j-«^ 
JjJLi-l ^ Lli dkit <iSCJ t jliJi JjjUL- A^Ll^ yfcj tv.-i'l^l oN^La^ JjIJlJL 
^^jlS clUi ^j^ «l)t <^>^ (J^l Jj-^ t)I j> ^-j-^Jlj .•^^--l> Jj^-J^i ^y ^jl>Jt 

Jij c->yJl OjJXiJi (^JJ j^Li ^^JJl tf^^l ll»j ♦^^^t.U tij^J^' citAii-^ LjL^ 
. Ukil> JjlJb- ^y bLA 6jUi^I t^Jiil yk ^^^\\ • i A o) jj^l «/i L. 

tXljliJl ^^p«ll1 *^j^ hj^. <^j^^ (^..o.t.ll <i^ jj^ t-iJjll iiL»^)/l ^Uaj ^ roUJl 

jl5 jl)jjjiCj LiDJb .(iL-- ^^"^ c/* sju»-lj <>-ji) Sj.>Lil 45^^ <»^3l if.LJL» <^ rJ^^ 
IJjb ^ ^ Jjj .^>>*:JI S^ (il l~^\j Jj c^^j.^iU^ JLip ^S/l yfc U5 cJlJip'yi 
4...»J.kJi JjlJLi-l Ot J^ ^ ^V^ diUlJb-^ OiJU- Jj iUaJLU JjlJbr <l)ii JiSUj 

jl) Ajcw-Ul S^l Jj> *j|^l u-»L*^ j^ JbJL^I IJU Jju JaJii 4oV.>U-JJj ik^jdkl 
ii-j; ^ dU3j cjL^>[lj JLj>1 IIS*^ iliU> oUl. (ii^l ^ gy^l .iJLii S^ 

jJU ^ \j^^.^ Ul Jl^-1-1 ; :ULiaii» Jjla>. ^ aJjj^I I y^l tlh C.S! Jij . VHjj^I 

ybUxJJ ^X4\ JJ>.2Jlj v^l^l i>J 

Li 1*^ /^j^ JbJb^ <! ^U—JL j^jlaTJl ^jUj ^^^ iS^y 'L^iiJi JjIjlJL.| cJlS' ISJ 



Toomer, «A Survey of the Toledan Tables,» p. 65. :^l (Yt) 



Jjj '\^^\ <*^^j^j c-»L-^jiJl <-»lji U-j; (_5^j 'j^'-r^ ^J lij^JUJl iijJiiJl <l)UJjj 
^^ Uul liAj ti^^LJU yiP dJlllI (1)^1 j_^ J>^^\ ^y^\ 4> ONUJil (JlJlA J5Li: 

«theoricae planetartan» ^^ ti*^JLi!l ^^j-^l ^ JbJL>- jljl» jj^l* J^U- ^^ LSCjC 

JiLliL <ijU-Jl OlS"^! y^j^ Jp SjiUJi A^^:^! ^SUJl ^^ l^iJLA Oli" ^1 

jp i^j.yj^ taij ^UJi f^UiJ ijUi ^t Ll^j (i)^^^! j-^ jLij . ^sl^ y^\ 

Li?-^ Lfj'-^J c5*^' ^^1 c5* Differentie scientie astronim Olj^ j-fl* JLij i (jU-^l 
Liber de aggregationibus scientiae stellarum jijJJu ciUJii'j t^^ \rv aLJI ^ (J---*'*^' 

De Aiis ^we «^^>^ «-*j^J ^^j^j^ J^ J^j^ ^-^' ^j^ ^J t(^^* ^ /-* YAA *U- 
j../a:3" t^j^JJJJJl ^VjJLjJI ^^JLa jlji- J-Pj . indigent ontequom legaiur Almagesti 
Jp c)L;»-Sfl (wJU-l ^y i.4(theoricae planetartim» SU*-il Aj:^-!^! ^^^L-y-jJl jjji)l c^Ulj^ 

*^ (>ri (>• ijLli:! ^jS/1 cjiJjll Jp c^L^ J^^ 'j^^^ ^^ Jr^J -v^l^l 

^Y f ^ 
Juf>o 4^Jl)I 4 Theorica planetarum Gerardi ^L cJjjjJLl t Ja---jJl (l)jjiJl cjUJj> 

01 . :>t>L.^u jJlp ^uji (ijjJiJi ^.iJb Jl jc^jVi j^ ijjLi <^jU ^ t <-j^ ^.y^ 

oULiJt^L! <Aj\^a^Theorica ^-^^1 ciJjil Ijla ^^i OuL^j <^l i-^Jii^Jl ,< ■ *\ ..orJl 
oIJLUJ 131:l* ciJLtJl ikiJl oJUk J>^J .»w^ljXJl <j^j^ I»jJap- ijjJaJLj iJiLcdIj 

Jjij^ ilx-^i^ c-.>Ji Jl jjlljIj 0JL14J1 «i>ji ^ Ijl; >.Siij cUiJi* JjIjJL- 

01 . UJaJLU Jjl JJL- 0>^^ j3 j'^rt^ U-*-^J t/^' ^j^l tJ!)U- jj-*j t ^r'JJ'J^^ 
ol^> aiJl yljjJl u-ilhifc oL^^i-.. (J^ ^) J^ j^JiiJ Jp v^ v^' ^->JI 



Cannody, The Astronomical Works ofThdbit b. Qurra, :^J <^y^\ •i* OjJLi (YY*) 

Thibit Ibn Qurra, (Euvres :^fj 4 jjjj_jl r^-^j 4 ■ ... )jj <-«^J-^ ^ * J-^^" v^-*^' ij-^-^^ -"^^ 

J--JJU J J ^tjJK:)/l <>->Jl 0.^1 j^ ,>5Uj c(^I>I i-Jli >JI) syLJl Jl UU)IL (TO 
Edward Grant, ed., A Source Book in Medieval Science. Source : ^ o^-fJi ^1 t(0. Pederscn) 
Books in the History of the Sciences (Cambridge, Mass.: Harvard University Press, 1974), 
pp. 451 - 465. 



YoY 



Jl Theorica Gerardi eiJj> JJLi-*! Jij . ^li...»iU cjUU* ^ iiJbJfc ioL«L>- oLU-p 
tjJLp ajI^I Djiil *ulJb jji^ UjLliil ^ m^\j J^-Ij (•-*L-*j 4ci>lJDL oLUjJI aJu 

cj\Jl1^ j ..rt : ifc J^^-Ji ^ Theorica planetanun Gerardi _> tJ j jjdl ciJ jil j| 
tA^X^ll oULSJVI JajL-j Jl SjUil ill ^JLi V jJfcj tj_,k^^l Uj^l t_,» «tkeoricae» 
jjfc Theorica planetarum t-iJjll l)1 t J^L^iLj .iS'y^.ill U^^Lp jljji oU-j-* Jl Vj 
j\ly ji ^^Lfti" 4ju^j jJj c^_^ii-«^l Ojjill ^ «theoricae» J Ijj^ ^iS^/l jXlJl 

^^^aiaJi :i^>.i jJU j-.aA^ t^>j ^yp ^ ^ j>j 4fUnij ^Yn^ oy^i o^ 

JiCljj 4 0l5'^l flJUb JjUlj i^ai^l oljiVl <Jufij ^j ^\j^\ olS'^y^o ^^' 
.(equatoire) «v-*5ljiJl /♦-i>*^ ot^U-l OwJ-^aIU j^ (>^^ "-aJj^ Jjl s-a-^jJI IJla 
JLSUJl Theorica jJj i. jJLS' ^IjJl OjJtJl j!>Li- <-;j<-*U.| ^l^t <^ M-'j^l -*-«-! J 

^j^>^ Jl t jU-yiil jij^ J^ i.^y\^ i^JujLij , Theorica J ^_^j; o 1,.Uj JLiu ^-aVI 

Cjjd >«-^j A.»ba.i jj^jjLa^ jI L^j . r-SUjJl ftJL* ^1^1 ^ ^'yr J^ -^^l ji"^ J^^ 
bJ^ S^Vl JjIjlJL-I tXfk jA j\j>l^\ JLii tUkli* JjlJL>- Jp ij^ i-^ Jjl-^- j^y 

^lUAW JjIjl?- Uaji j_,ij:j Li" .Sy^jii iU^jdl iv<ai-l Ji*-1 ^ <» <M>li-1 jlSy <Jj'^ 

>,-Jj| cJjIjl^-I oJL* j\jS' J^ t , >. >.T.w.j Ij-^ij -rjij f-*^! 0?^ oULJll Jl i--»-jJL 

Jl v-^L dl]Sj cii":AiSll oUU-i Jl>Slj y^jJl i3!^Sl i|j^J.l oU!^!AJ vJkJl 

.(^jS/l Jp Uii- Jl J15U JjUJi 01 cl^ c jijll pUtL-L) c--5l^l eJJbit 

^^ sS_p-L. .^jll 1Jl> j^ ij^uVl j-m^LjJI (Ij^i i^UJl ^LyL jJL*ij UJ L*l 

ijL4 Jij ^i 0^>^1»J . ^^M ft, M.llj j^iJlj jj^jSlI ol^ iJjUll jUjS/I ^j t^j-Ailaj 

oljXJ <■,,■■■; II ^UjVi c-tL-^^v tLLJLi l:..t c^^...^ ^^JLII ijjU-Jl cjI^I jjL^ 
oly^JLJaJ ^ O^i 4 JjI^Lij .iulJLJI ^yr^\ Jl Jbu ^^j i J^j Jl ''^y^j ^\j^\ 
flJL>-j i^iJl t^^jS/j ^yJl ia^ -^-j^ Jji» o^ Jp AJL^ (UUall j^L Ij^^jJL*^ 

V-L-Vl j-^iLjD 4. JU.II oLLJ^I ^ iJU o-j^t ^* ^(Sl-. 56 2/3) jU>Jl jllp 

LMaj] oIJL>.I--1jj .(s^I . . . c ^,..»..*.llj ^jS/l j^ iil—ilj ^..»..t.H ^^j (j-^J^I j^) 



tor 



J3 Al»j^ olj^Ju 4j^ 01 J^^l *Jal>.J ( 4.^^ J^jJa^ j,A>w,l * it^Jldj ^>-1 /^j 

^ oljJuJl aJLaj . iL>-Sj-J ^j^ Theorica planetarum ^jjL*S vJJj>i Lf»-Mij ^^1 
^j ijU^l ^b i^lj tr^UJl il^ SJLSUJI A^^^l ^^LnJJ ;k-.^l oUlJb-Vl 

aSj^\ tv-J^ Jl Ljt ^^•J^ oljli^i j^^L^ U^juaj ,y:i^, fjS\ f'^j>*^^ S^ i^^ 

Iji ^ Ooli Jl ij^^^l j1j^)/Ij J^i^i ^^J *f^ ^ J^ cf* ^J^ if'^ft-jj A^JlkJl 

. 4y JIaJl ij^>.l ^SUJl y-i^ ^ iJUJi JLIIj ^l^X^J JbJbi jji 

ciUiS' «-^^l ^JlWl Cj-^l «iUJ ^yj .L^IjJj JjlJL:i-l ^y v.»..at« c-JL j_^1 SjJLiaJl 
^1 oL»-j_^ J^ (^VXri Jl^p- o) (Michel Scot) ii^j^ JLL^ oL?-^ J'^U- ^^ 
^Ljjii /^"^^U-l JiJi Jl oU^^l -Ju ^yc; ci^ (f nU fUJl ^ J>dl) JLij 
ol^ jjijdl OIjjJlII i^"^ ^SJ^ ojU- Jl S^ai .iJULi Vl ^1^1 ^ ^jjuu ^} 
6JL* ol.. 1 la.l4 Jij td.l5Cj jl Jjij j^l J.P J^— Jl ^ 'd^ «^JJ -i^J^' SJL>*I-« 
iltAitj j^^l aiiit U^iUl ^ft.,nT» ;^JlJI dLUll ^ ^y ci^LsdiU ^yrj ^ i '^^lit^' 
i^^l 4(^jii-l JLij ^1 JLiJ Jl iiU^VL c<^ cJjJl ^y Ojjw^l ^yil; OJj '^^^ 
^Ul (f^\Y • • Jl^ ^d^\ ^'j^ ^Y^V f^UJl ^ ^j^ JULw. L<^w>j ^1 
jJLp Jjbu jl cmJI^I J J 14 "^-t^ '^^ motibus celorum jljiP c^ iJu;!>UI Jl z*-?-^ 
j^^:5 tUlJu-. ^ '<yrj,;^JI r^^ (^ u^-*^ .jia^j\ ^Ijjtji ^ J*^J-i l^ ciUiJl 



Francis J. Cannody, «The Planetary Theory of Ibn Rushd,» Osiris, vol. 10 (1952), pp. : iJUL. ^J 
556 - 586. 

A. I. Sabra, «The Andalusian Revolt : jJiJi t^j^.iJa.l UL-) <>- 'r'j*^' ^^-•J^l -^^ J>^ 
against Ptolemaic Astronomy: Averroes and al-Bitriiji,» in: Everett Mendelsohn, ed., 
Transformation and Tradition in the Sciences: Essays in Honor of I. Bernard Cohen (Cambridge; 
New York: Cambridge University Press, 1984), pp. 133 - 153. 



tdl 



.jU.«>jI ULlJ j:}\ tCEudoxe) ^j-^j^jSl SJiiUl ^Jtl SJL>»i^ r-SUiU JbJL>*i3l jj* 
aSjp- 01 0-->- cS^^JcL- <L^'>^^\ j:i\ ^\j^\ ^\j^ jjU Jj^ JbJL>»sJl 1JL> JjL:jj 

. f-ljlM-Vl ii*- CjJai ^ Vj^^ 'jS*-^ jdJ-*^ "-^ j^-*ji c5^^ Ut^ ^J^ -^^ •^ J^ 

J^p- ^_^k^^l jjjill ^y Ji>^ J\M- jJUa* 015' ^j-sflJl 6JL> Jl OjjcJI 01 

4(^\YH- ^\A») (Guillaumc d'Auvergne) ^^yj^ f J?^ J^ ^^ *^^-^ ' LtjJL* 
(Robert Grosseteste) c. .ut i^tjjS' j^^jj JLLp jj-«jJl ^j-* Sj-j-^ ^j-^ •^^ -J*-"-! [»-^ 
JLait(f\YA» j^bJl ^ J>dl) (Albert le Grand) ^^1 ^I L.1 .(f \ Yor _ \ Wo) 
J5 ^j^- ;UjU JS^ijI lit: uT^J 'ut^jA^' -^-j^ 1.W;.,.,,,; Jl5CiSfl ^I Ji^L c^..>cp! 

j;>»; U Jb- Jl i^Jj— aS"^ ^y «^l_^l «^ ^^ Jb-lj ii^ ik^l^^ 4jjU-JI yfcUkil 
cAiJLiLL* ^li>- ^j .(i^^l ^po ijybUaJl iLJiJJl L|=l5j^ J:^^^**^ f*-*— i ^ 'Vj^' 

fl^^^^l ol <>'.^, i^^JlJI i]!:AiSlj ^J.1 Uliifc i3:^bU JL-ij j^l jlU ^t ^^^ 

U .....■>- «ol^jJ-l UJ JUtf^ J-^^ (I lij* ciLUll jJUi oV t^^l SJL^ii^ ol^l 
tyblkJU ^^,^1 JJbhJl Jp IJLa dJLUll jJU^ SjJJ ^jlp ^jJjJt j^ clJiSokj . Jji 
IJLft J— ijj . j^^ia--i»jJl OjjiJl j_j3 jIj.ai^L> ^yrj^Jl V*^^ *-^ c-JU- LsAiJ J>^-i»i Li^ 

.U^ ui-SCUJl S^UV ,^,-a2Jl 

c<j^JLaJ1 oLjJalll /«-^j J>>- ji^ji^l ^^ J-«»Jw Jl Oil tjyrjjJaJlj JLij ^1 JU^I 

j^ Jl-i^l J!>U- yu- j^^LJl Ojiil <y <f>"l_^l Jl >i2;j ijx:*- oU^j^ j^ Jlj 
(Thomas d'Aquin) j^_^Sll L-^ j^ Jjj .^j^yj^ c^L-^yj ^ j; » I Uj oL-^y 

^1 oUiljJLiVl 01 JU L.JLL^ t^j-vi^ CjLs>yJ>^\ aJUfc J-P (f \YVi _ \YYo) 

i} tjJfcUall ^j-J (J^ Sjili *^«^ 0L> (.x^ 'OJj-^^ V*r*^ C ji Oj-^JUJl l^jj /*" 

Uj; Jjlij . OVl ^_^ ^JJ-^ (^ |i ^^iJ^ ^ y^ yhliall oJla ^^ LxiaL-l Ujj LJI 

Ai- g:u; U IjlI ^1^1 oUyi jy JjVl jj-d^JL:; ^U Syblt JJLaiJ OcL^ ^2;^ ^Jb 

. Lij-.-*^ ^ yJiyA Li iJL^ OriJ SjjfcUaJl /j-j L» ^JJljJ ^t-^jZj iJUJl ^,<a.>fcLuj 4 SjJfcliaJl 
. <L-j-«^l yhUall jy^j jijf^ ^J^ ^\ aJ^' a-UjJI ciULiJl jjlp ^JI>i1mu t L«y ti^^J 

Uk j^j^wJOa^j ^j! 015 (^JJl ,S\JS\ jJLpj i^LjjaJl ^ ylJill JIjO-I IJla J 



Duhem, Le Systeme du monde: Histoire des doctrines : j-Ja_Jl t yy ./t^\ IJl_a J>-^ (Y1) 
cosmologiques de Platon a Copernic, vol. 3, pp. 241 - 498 et passim. 



YOO 



<ip UiJu. ij-;V oLa^^ ^^ c.Ufl^ jLij 4(j»\ ♦ M Jly^ J^O ^tJL^l ^V ^UJI 

sbl Oj^ 0-- <^>^ '^-^J ^3^' '-J^ J-^^ /^^\f^Ynv j^ui ji uiji^i ^j^-) 

j^ i^UJ *-^j-^ J^ ftji^ (Jt* 'ci^ ^J "^'IJ '•j1?^*^' •— *^^>^^ C^\Sj>- iij^ ^-i 

Jl i^L ^^jU- ^^Ij cP-l^ L^^j t»i Ji.>-:^ ^iiliJi I'^^i- ^LLwj .^^Jiiil 
<_|l tijS'^l cJ!i^^/l Ajjlj^ <_^ L-fLJjpj ^JoCJj J\p.a.\'Ji- JcS[a^ ^j^J-^ ^-iilii iiJULiJI 

jjjj ^Lj-iJl ^^-j-*AiJl iJub Opus tertium <iJj^ j_^ (^ ^ Y ^ £ tu) (Roger Bacon) O^^SLj 
<^. \-f- t-iJi-f^ ojL^^l /t-^ (ymaginatio modemorum) «±^Ju>- jj ./i,:*r ^^«» lU . II iiiJLiJl 

/»UaLl»l /•JLP'J 4--i'ljiCJl «JL>liL~w- *^i^y:^ L>U 4ctiJS ^ ^j^XJLj tJ-ij ^1 cJLJ>\jlfi'\ 

UajI t^l^l IJLa ..utw.^-.jj . ^^jjoxUaj oL^^ li>IjuS'1::S' «wJl^l Jl a*«jJL jJLj l^^l^^ 

j3 jLJLjjj (Bernard de Verdun) oby j^ jU^ JJL« c j_^ia**»jJl Oj^l SjIjLm-I ^j^ Jb JbJl 

. ^j^j (Duns Scot) c^^s^ yij (Richard de Middleton) jjiJjLw« 

t JUil J^«— J^ t(J-L*^ ^U;...* iU<9jI JJL^ ^ ^^^j^^ia_Jl AliaJ jj-sdi 61 

aJLaI J[ A3Lsi»^L| _ ^^la .**jjl OjjiJi AjI^a <y aMVI ^UJI ^ JjiLl (Regiomontanus) 
liw» jl5 tJLij ^1 culiliJl Jp ijJi ^ (t-^l t>>^ t>^ «^JJ^' «ymaginatio» jj-^1 
JL>-j jjj . /%-i-^l ^jj^ ii^Lil oJLp1...>«.» ^Lj-iJl Lft^j....^tfJj A--JLlaJl d^L-^jjiJl jUaIjI 
Theoricae ^-AJji! ^ tA->'>Jl OjjiJl ajL^ ^y j;.>.a.T.ll llj- jLcdl \j^\ J^'^\ ^y>y^\ 
tA\ioi aLJI ^ (Georg Peurbach) ^^Ljjj rjj-=r ^*-«-^j li^l novae planetarum 
4-j^ « JjJL;» ^j-««-S' -UjlpI jJ ojU-...ll i]^^ ^jll iJLft ^ ^jljJI ei-s^jJlj 
- \ on) (Tycho Brahe) j^^i^ >^' <^ ^yt-ij tiDl oJjJl dLli ^^ij>' cj\j^<u^\ 

.i»jU-J! ol^ A--^* i^^l (j^n* \ 



^_^V oJjc* (Si_^JajL») iJLw.1 i>«-«J j^ C. *.s^j 1^1 jJLj ^1 lOU^^^I ftJlA t^JL*-! jj (TV) 

Jose Maria Millas Vallicrosa, Las traducciones orientales en los : J_-J ^ o j_-ILJ jlJ i j_-iL*Jl 
manuscritos de la Biblioteca Catedral de Toledo (Madrid: [n. pb.], 1942), pp. 285 - 312. 
A. I. Sabra, «An Eleventh - Century Refutation of : ^1 t ^L^\ ^y ijSQill olj^va:Jl Jj^ 
Ptolemy's Planetary Theory,» in: Science and History: Studies in Honor of Edward Rosen, edited 
by Ema Hilf stein, Pawel Czartoryski and Frank D. Grande, Studia Copemicana; 16 (Wroclaw: 
Ossolineum, 1978), pp. 117 - 131. 



Yol 



:i^^H>V JJ^^J ^c5^>il <:)j>^i crr^ c^>^< ci-J^i .r^» J^< cpUJi JSLi 
(Jean de Ji-^l t^^ j_^*«jjUl <_5^1jiJl «wJiS' Jij . 6Jjl^ ^y ^1 ajjjw* t SjiLlI 
ji jl^^^ U^«-^j J^\ i^i^^l J,^ tf \Y<\^ fUJi Jl jt^j^l Jp i>~ tU^ Sicile) 

CjL^^I A;>-j-i ^y (.j^JLdJI iJlA ^«A*ij . iikjii* JjlJL>y is<»li-l t^jj^ iy^^y^ ^yH^ 

^y^ikWi.} liij ftjJLiil 4»iar.li iS'ji-l ^j tSj^Lil SJL^ *^j^ ^'^ cr^l iiliiJLl 

*Sj^j (, L»Lp ^ "^ J^ SJb-lj i>-jJ i*^ (J^J^ ^JJ ' ^^ ^ • • J^ SJL>-lj A;»-ji iu-JL 

C^C Jl *^^^«^1 -Oe wo/M octavae spherae i-jiJjll ^ S^jljJl jLj^)/lj ^MV *^>=*" (^ 

. -Ukil» JjlJL>«j jt^l jX»tjj imotu 

cJL- ji ^jJLp (jU tl-i^j .«Nj-S'lj^ 5ij-^jll Ailjll jj-rfj OjJj^ Jj^-J^-r ^LstfUoj 
4^j ilJLP-1 cJJLp L»i^ iU?j' Jl ilii-*^b t(Guillaume de Saint-Cloud) ^^"^^jIS" 
10 ; i.*-^ i^llll S^l J^ chilli ^jVl ^Ij-j iJ>>^l ^jVl ^1^ ^^ JjUJi jOi 
Jjliil \1a d\ ii^M <jl Jbuj cUjLp .f^Y^Y fUJU 10; 15° i^j ^Y^• fUU 13° 

<1)^UJ Uij ^ «^L.,»P- jj^ 9«I1j (1)1 ^j^-^^ ^J!^\ i*— aJI jj-* ^i^;^ *^J^ jIjlS^ j^\ jJ^ 

I OyUJl iJUb ,j^ji JjAi 5-,^^^ ^1:1^1 4 i>c mo/M octavae spherae ^ 9yJ>^\ "iSj^A 
lsrj> JjLn^ 3^lar.4 tcJj.9 J.^-^ Ji ji (J*' tUjLipl c--^ Sj^LlI a5'jp- oL jJ--- US' 

t ^^y..l..U - 1° tj^-^ + 1 ; 15° ^ 4iaU oL^ ^^ jl :LiUti t<^J^ Jjl-J^ 



Emmanuel Poulle, <John of Sicily ,» in: Dictionary of Scientific Biography, vol. 7, : ^1 (Y A) 
pp. 141 - 142. 

Emmanuel Poulle: «William of Saint - :^l tU^S ijl^l *JOl Jj»-j ,_,SQiJl li* J^ (Y^) 
Cloud,» in: Ibid., vol. 14, pp. 389 - 391, and Les Instruments de la theorie des planetes selon 
Ptolemee: Equatoires et horlogerie pianetaire du XIIF au XV f siecle. hautes etudes medi6vales et 
modernes; 42, 2 vols. (Paris: Droz - Champion, 1980), pp. 68 and 209. 



toV 



Lf^ oU..>r./iTH ftJlA (G. Marchionis) * Jj*-ijL« . r-j (Pierre de Saint-Omer) ^jt 

ii^^l ^jSflj c^mi ^j^l ^^ JjUJI y^j\ cJL- ji jU jJi tvJjJS Jl oUi»^Lj 
^_jpill iSjiUl i^^ ^jl^ «ju;L- j^ ^yXf' ol^JLi? Jl iLju-VLj viJLlij 4 10 ; 10" U^ 
ou«U-l i;>*-jLAJl j-p 4-iIj-« ^ (Profatius) ^j^Jlij^ r^->^' J^ ^-*^^ If <> ^ Ll^xI 
Jl oJLiUJi jj^j-^l ^^ '<^y^ JLf-U iJL^j .p^f '"Ij \T'» • 4Jy«L»Jl ^^ fj-^ji' 

.Sj^UU IX-. 'aSj:^ [^ \jj\j jl:>>lj JIJNI ;^^ 



JjljJLL ^-^1 dJULDI jJLp ^ aiaJJ* JjlJi^ JlJLJL^l j^- o-l^ yt^ ^1^1 dji}\ 
j-ibJl jj-JjiJi cJ_^53J l./i^,./>>- aJL^ML o-iS" ^_^I JjJbt^ t>* «>rf (^J • V-^j^^' 
:L;.^I oU I JiUlLj .I4J S^jl^l ^l_^l ^j^ t(.\YVYj ^Y0T Oy^UJl ^ JliliJl 

De ^y^j^yS ciJj-4 jjJU^ <^j::^ Jjl-"^' J-«^ JUJLh-j ^^JJl dULUl ^JLp J_p 
tJbjU-l JlUJl jJLu iiUi^i iijj-fc^ iljL^ JjI j_^j .^\oiX aUJI ^ revolutionibus 
/»L»«JI ^ f^j_s<9^l Expositio tabularum Alfonsi regis Castelle t^-iJjll ^ H-t,4iJL4 
cc^ljXJl IlSL-j ^ JL_>- c ft ..rt.il (Jean de Murs) jy^ j^ OL?- ^y^^ 4 A^^Y \ 
j^l Jj> <:L^lji >5^^ tl3t>uVl .Jla jji^j i^^JuJl i]!>aV o^j.1 oLJ!)U>.Vlj 
^j . ^^ J5 2^1 ^>j ^....-Lli i^^ Ja-->d ;^jiJS!l JjijJLl ^ Slk^LJ 
:i5^ Lfr:^L«^ y^ U^LJI JjlJli-l ^ i^jiJVl JjlJLi-l j^^^ U ytrl Dti ^^'jJl 

A-^JlkJi Aj^^iaJl ^1^ Ji*y i^jL^ Jjl-^-l «-i-* J^ t<--uJ jj^ jJ DL:*- l5>^J . Sjilil 

i^^^ v-HLjj .jLiVlj JLi^l <^>»- j>^ ^,j^^ 'Si.r^'j 4ftlgr.ll flj^Lil i^>>- ^ 



Ponlle, Les Instruments de la theorie des planetes selon '. jJiJl t Oi-i-ljl^l ^ J-» <J>-»" (Y* * ) 
Ptolemee: Equatoires et horlogerie planetaire du Xllf au XV f siecle, pp. 205 - 209 et 260 - 265. 
Emmanuel Poulle, <Jean de Murs et les tables '.^j ». ; jlJ ^l ^ ll uJ-J^il IJl-* iDl (T'^) 
alphonsines,» Archives d'histoire doctrinale et litteraire du moyen age. vol. 47 (1980), pp. 241 - 271, 
Emmanuel Poulle, <John of Murs,» in: Dictionary of Scientific Biography, vol. 7, : \^\ Jeu\ 
pp. 128 - 133. 



toA 



JtiVl iS*^ Jp ^LLVI li[ j»J JiSi . oU-ji ^--J -u-Aj cij-Ai 4JL0 *-* iAi^ V* • ♦ 
r-jS/l 5jii^-» ^^ ic^^ ^,^ Jp J^*-»^ ^j^ l f T . a . ^t ; tZ)e mo/M ^ S^jl^l t jL^^llj 
C^LLjJI ajIJU il« jL^Vl jjyu 6Jl* SjiUll ^^ CjJlp-I tviUi Jp 5j!)Uj .^^^>»Jlj 
jJLo L-JULp iJUaJlW JjiJL:r ^ JU-I jA U^ L^l^ ^y ^j-Jj i^\j^\ *5lji iL^LJ-l 
JXJL.J . hJJu> oLJlJi^l Jl oljJl f.^1 s/ Jp UjbJL^ ^- ^1 ^US/I Jij ^Vi 

^ t Jl^ii^j) (jo-'-H (^^^-.AiJI iJiUil ^ ^^-jilJl 01 . t^^^lj Syb^lj ^^^..^^JLlL iiUll! 
^ tOj-Jli (^1 j_p ^^y^ j^ '(.r***-^ L^i-'^^ (>* ^?^. (^ ur^^' iiiL»il JjJj>- 
2 ; 30) UiaJLl* JjlJbr ^ ^^ 2; 6 ^;^ <L*-J ^^JcLJ ^^JJl ^^-.^JLU iSj^)^\ ^^:h^^\ 
^t>LL^*yi Ol U-ij .<jw-JjjLlVl uhr^^J^* -J^^ ^>r 2 ; 15 Ji (^ ^ ,^J-kj Jiip frjj>- 

Oi^i^l oiP P>r 1 ; 8 til c^..o.t.n t^^jLl ci!^U-Nl v,,a.,^;l LjL^ tiJuU: JiLiu 
JLii t(iUaJLI» JJlJL^ <y ^^ 1 ,' 3j ^_^^>-Uaj JUp <^J^ 1 ; 15 ^y VJb) jjwJjiJVl 
;*-jJl ci^Ij .JULV Uj^ ^iLiuJLl J^Ull JjJUUIj SybjJU (^j-^l 2JiUi! JjJbJ p 
^jjJLk JjlJi^r c5* *i^ 5 ; 15 ^ ^^ ^_^l t^^-^l il^Ull S^Lj «l)li c^^^^iJili Jl 
.3 ; 7 Jl .j^ 2 I 45 ^ Ij^ ^^.JUj .l^yHS JjIaJ^I ^ ^j^ 5 ; 57 JJ UkJO^j 

j^ 4<,sA^I aJ^UI <ijJL>Jil ^J^\ ^ U^UaJl (4j^,^,dP oLL..^ aU^I^) a^iJJlI iajUjil 

UJaJO, JjIjlp- ^L-I JXjl; ^I dJLU ajLif ^ Jp ijV <:^-^>^S/i JjlJJrl ot 



Ju t)j^ «w-i'lj^ A-JLkJl ^iUJl AJu Jp SJbJli-l c^L^^I oiji iJtl^VLj 

^_^L-I J^CJLi ^ Uj . t^^lj SjJfc^lj jj-.-lil Ai^^l oU^^bi-VL iiJ^ L. ^Lii^L 

jjjj J^--^ <1»-Jjll ililiil ^,p^^ *^J^ ^J^J t(j'"* '"^^ ^^ *^,P** 'ci>'"' *^ '>* 
^jjj^^UjMI iS'j-?- >^a.. /» ^ ^JLifci-J JLaj i J^uJlj j^j^ iL-MrfL-»l Ijji octavae spherae 



PouUe, Les Instruments de la theorie des planetes selon '.^ Jij^-U J; ^1 oU^Jil jj (VT) 
Ptolemee: Equatoires et horlogerie planetaire du XUT au XVT siecle, pp. 26 - 27 et 767 - 769. 



Yo^ 



^^1 dUAJl jjpj *^ji^S hP 

JlS Asrj c-L-J^Sfl Cj\s>-'%J^\ J-iuj ftliji*-^ ^LSCUll JjIjJLI c.>«.>./»I Ol JLju 
^Jij . 4.o.lkJi LjS"^! ^SUJ! JJi£ Jl j-pUi*l ,>--jJl 6j>iJl ^.tfi j^ (>i-5aill 
c-jLlS'j t Theoricae novae planetarum <ilj-Lpj (Peurbach) ^Ljjj J-»-p ^U- JXJL* 
^_f^ . ^j^jJbJ j^j^j •^^jj«JI J j^Ljj^ ftl Jb (^ JJl i Epitome in Almagestum Ptoiemaei 
^^y^^ Jlstj c^_^^^lk| cjtJji ^jUJLJ SUajU SUL/ 0—^ iS'^^ '^^^ J-^t 

pJL^Jl ^;^l c->b:f ^^j S^^^dil c.-S'lj^l c»l5'j>- J^^t ^Ua:il ^ ^^^-JUoi cjIi^ j^ 
Jj ^^^^JJ^ d\S t f'^-^^1 I JLa J_p- jj Jb J-^ ^y ctJUij i De motu octavae spherae J 
v-aJj^ ^ J^-^^ '"^J ^^ Jj^ "^jj J^j • t^j^-^ J^-^ ^jLLju <-^U-| ^^^^j^JLU^ 
IJL* cjLS" Jjj .jJ-UJi ^j-J^^I CjJLkJ a-JLj oi^j -J j^^JDl kLihros del Saber cjIiS" 



<rr) 



c J5LJ.1 ^ J^y^ Jl ^^ LT'^y.^ o^y^ J^ c4^^ j:^^' V^ ^\ 
.c-*S'ljiJl O^^ ji*:^ V^' ^^ t^_^.-.wlJl ^,^ia^J ftjiLil ii^^lalj L-fl^ JjSll jJLiCj 



Willy Hartncr, «The Mercury Horoscope of Marcantonio Michiel of : jJiJl iCi^j-xJl •jiL,<a_^ 
Venice: A Study in the History of Renaissance Astrology and Astronomy ,» Vistas in Astronomy, 
vol. 1 (1955), pp. 84 - 138, reprinted in: Willy Hartner, Oriens - Occidens. Collectanea; 3 
(Hildesheim: G. Olms. 1968). pp. 440 - 495. 

'■iJ '•o^^ji^ J*- vi-^' '^^^< (J* <-jL. i^JJI ^iJl Jj>. i-U ;>Jl Jbr-jj (TO 
Noel M. Swerdlow and Otto Neugebauer, Mathematical Astronomy in Copernicus' s De 
Revolutionibus, Studies in the History of Mathematics and Physical Sciences; 10, 2 vols. (New 
York: Springer - Verlag, ^984), pp. 41 - 48. 

NoSl M. Swerdlow, «The Derivation and First Draft of : Uo^f jJaJl Commentariolus Jj^ 
Copemicus's Planetary Theory: A Translation of the Commentariolus with Commentary,» 
Proceedings of the American Philosophical Society, vol. 117, no. 6 (December 1973), passim. 



Y1« 



^ cJlir c(Rheticus) ^j^j^j ftJLJLr iUipl «w.*-i^ ^ o^j^jij^ "y^ Jj^ <^' ^^-^ 

l^4JLi Jl^cIj t^lJLlP^yi AJ-j\ j\ SjiLll J^p-j t(^j^l villi J^j '^jS/l t?>*J 

li^\ J^ ^^ (ijUJL <^.., T> c^JJl jjh tc-»^l ftl^L (iV^Vl llfcj .^liJl f>>iJl 

i»j|jdl AiJl Jl^t JL>-lj dT ^ i Commentariolus <a}y ^y tjLiP*yi Oy^^ ij^J^jiJ^ 

aijLJ ijAjf*^ *!--• .iJL^ oNU-i *^ ^ c-»L«J-i «!)! ^111*^1 ti^ j; jiUdli ipjij j_^i 

oJla JJL>^ Commentariolus ^ ^^^^^^ r^>^' a^-> • ^^ ^ ^/^ -^ ^Ji ^^^ ^J'^J 

^ (2L*j>J 41^ ^y JytJl flUL <yj\l J^ tiJJl ^^1 cilUll jjJb Ulo ciUjIJL* iL«- 
t Aj\j <*»ij ^j^jijS «-i^yipl JUii . 4 ft la?'. « SjiL* ^S*^ (5j— ' ^?^ <^ * -^ ^JlS" ^^^ 
t jj--» US' t ^_^ dUS c)t j^ . ftj^Lll iS^ t)^U *■■ i..l:iri Ji j^ 1 ?^liil «iJUi ^_^ 

S^j^ tUfljl ^^, IJUj -^j^i ^iJLli Jl ;*--jJ1j JlJLiP-Vl jtj^ ^^1 <yk ^j^/l jj^ 

jl t jbJlj »y j>i OuU j-,dp JLl*j t^^f:*^ ^^^Jl V-r*^' Oh^^' (^^ Jl tj^j^jij^ 

. ^j>^l cil V-^^ ^^ •wi'ljSCJl olS"^ «^'jJ^ '-^b ^^ *t*^^ *^^ 

^ ^^^ji^ ^1^ LtJLip t Ail jJl ^yii . JL^I IjL* JLp v-a3jIj V J^UiJl jl ^ 
(_$j^ 4JLi I oi yiS'l J-^Aj jj-^jSll CjLS"^^ oLjLJ •-^w>j-» /)« revolutionibus <iJj-4 
t^jjJl (iJLii J-^ iiLiillj laI^ jjt U:^ J-*^ tx*^' tol^JLiiJLl L^jL? iU^^I 
^ 4^''''^>--^l Oj^l ;U^ Jl v-^Jlj .l^^jt ^^j ^^-.ftJJLJ ,^j^>l cJ!5\:;^^lj 
iUjU^J ^ ^1 j^l ^Jbu ^Ulj . JUjjJlj jUl ^JU J-/i^ ^^1 gSUl Jl Ul 

.4i*.>«Jl fj^y ia5L-«jJl j^-iJ SJUJlJL-I ^IJbJLs^ij M-^^ -^ i>L-JLJ ^LJl bjj^\ 

6y^\ ^ ^1 ^1 J cj\s'ic>>l\ ^ Ja : JLJI JSLiJl Jp U^Ltil oi^b ^y,^J^ 



Rhaticus, Narratio prima, pp. 94-98. 



Yn\ 



t*iljJl ^j ,^j^yj^ j^I {^JUl yj^ De motu octavae spherae JlJL« j^i tilUMil 

Ajjji «^'jtr*^ jj-»^«J ix-«l4 iU^jVl (1)1 ^j^J^jtjS yZjU CC-dJjll IJU IwJlS' J*3 Ui'j 

<-A>»J i--- yj^^ »^ (, De motu j\^ ^ t W-^j^' cTtiJ *• '^•*>*^^ tj^-^ ol^^l ^^i 

Jp Oli^Uj) t^jji ^T JL>. jjij (Jy JL?- jj» cij--JjiJVl JjIJLJLI ^ JU^l jjb Ui" 
.(U^ 365 j^ iiu- 1717 UjJlJ t5>^b ^^ 25816 UjJli Sjj^ Jl_^l 

- il-Jl J^ jJJ r-j-tJ t ^j^j^jjj^ Uij t kiliS «^ Lf^ ^ •j^^il ^j-i jj*^ <Jl 
iS*^ Jp cajUa:*-! ^ t\lj tjljjjj JL«al t/k>^ Ui^^ Jl^4 ^-^' c/^ '*^^J c5* 

:iSj>Jl \j^h 4olJLiL| JUjjll J^ t JjSfl S^ O^^Ail Jj-Sai3l jl^j JL3J .^ji^l 
j^ jl^ ^^1 wU-l ii-JL) L>»-^ij l^^j ,j-*JLll ryV (oJiidI ^ ^) UIJUl 
^j^ cr^'^ i--*.j*wJ! ii- J! ^ jl (jj^j--JLLl») ijjijdl ^c-mJI «^ ^j^i-l viUi ^_^i>- 1 ^Uiv 
JjUJI Epitome e^jLl Jj^ ^j^ t Uail J^jjJl j-* ^j^jjjS ^^>.*.t...>.jj . (jbJlj 
^^^ ^^1) t^j^^l ci!>^'^l ^- L. ^T ^ Ji^ ^ SJlaII yvi c^^bij^^^ 

Jij «^Sj tia*-^! (i^^l *-i^Ai^*>U ijjL-ui iiL-^ v*t!^' ^j.>»^*ll j^ -U-J iki) 

. (Ujj 365 jj-i ^Lm- 3434 jlJLi«j) <j_>ila^ «jji5 

^^^^JiiJl ^>iJL* Jjc^ (1)1 ^^IjJ' <^ 'J^J>^ i>^^ -^ *?yj^' ^-^ J^-^ Sj^LJU 

ciJLLiJ (^j^I ifjr ^j-« ol.,V>.Ti.iLj (,(De motu iijjJaJ Uij) oj^Ql ^«-j^ ♦-••J'-r <^^J 
ciULi (wJai «^ ji'jil SJL>-JL« ^j;ft lift; S^l^ J^ U-j-m^j^ d^ ^^J^ (-fT^ ^rdJ^ 
ii-^Ut ljujit> ^.,.n' Jbu UJ ^- JLij . ^^^^^j^l .iULi J^ ^^- uJjL^ dUij (^J^l 



G. J. Toomer, «The Solar Theory of az-Zarqal: A History of Errors,» Centaurus, vol, 14, no. 1 
(1969), pp. 306 - 336. 

Bernard Raphael Goldstein, «On the Theory of Trepidation According to : j h il (TV) 
Thahit b. Qurra and al-Zarqallu and Its ImpUcations for Homocentric Planetary Theory,» 
Centaurus, vol. 10 (1964), pp. 232 - 247, and Nur al-Din Abii Ishak al-Bitruji, On the Principles 
of Astronomy, an edition of the arable and hebrew versions with translation, analysis, and an 
arable - hebrew - english glossary by Bernard R. Goldstein, Yale Studies in the History of 
Science and Medicine; 7, 2 vols. (New Haven, Conn.: Yale University Press, 1971). 



nt 



*3j>»5' 4.j.Ja.A.H ^^'AIJI ll^I aJL^ •JJ'J^ iJ^J^y,J^ "^^ • (<-^^^l <*,A>ij iiJ ^I 
JLJaJ S^b itL^ti -J^-J^^ ^^^ jJ^ • t5jL*-Jl ^l_^Vl ia^ jj>-i jjJiA[jCJt ^^^j^JbilS" 
^y Ol^Jbi »i-->^ j^JbiiJl ^^JL* f>»jf (•-AJJ tc-iJbJj J^y^, ui^y'-^' (>H^ (^-A^ 

dLLiJi ^ Jp ^Jy^\ ^*LJL iiLdl J5U.1 j^ v^' ipj-.^! Jl L-^^- c<_^l_^l 

t^^U-1 U_^^ Jlr *y ;kAl Jj^ ^Jbl Ubit j^_^;jJLUj fl^ljd 4.4]^r.4 ;^^ ila-l^ 
j^t^iLi iiJUt l^7tf./a) tUU- iJLiJ i^^l dJL* JJL. o-ii Jjj .^^^1 JIjlipI 3^j^ Jj 
4^ JJl) <p|j-« JU>^^^ ;jJa-jj^ cjij^ ^y^ ^ ^ ^ j*-^' if} J^ (>• ^ W-^ ^^i?*^^ 

j! ifCiSjA ^\\ ^y-— ll JIjupI ji'j^ Jj^ i5'jJ-l JJl^ ^ J^^-*^ ^J^ t <j j n ..n il oJUh 
C..j.>w *^jij<^\ cliU ^^ AJL-^j alitl Um^7j 4j^b olS"^ oLS"^! bJl* Jiij 4^1 

^^ Jjj/l Ju^ i^jCi^ tJcJlfcP iiUJl ftJl^ jjJ^^l jjj^JUJl ^JL>«I*-I Jij . ^^».ll>j 

L\i]\ Ul ttii^>l i^^Ai^Vl .^fl,../i;-J ^JUJ\ jS\ d.lJL^I J^I j^ ^^oJl i3!5^I ^ 



Edward Stewart Kennedy: «Late : ^1 . ^y,^J^^ ^^ t* ^-'*^' r^UJl iJjU* Sj-iLt JjLi; 
Medieval Planetary Theory, » his, vol. 57, no. 189 (Fall 1966), pp. 365 - 378, and Victor 
Roberts, «The Planetary Theory of Ibn al-Shadr,» his, vol. 50, no. 161 (September 1959), 
pp. 227 - 235, and Willy Hartner, «Trepidation and Planetary Theories: Common Features in 
Late Islamic and Early Renaissance Astronomie,» Accad. Naz. dei Lincei, Fondazione Alessandro 
Volta. Atti dei Convegni, vol. 13 (1971), pp. 606 - 629. 



rnr 



OljjJa ObjUu Ol;j5li cJlS' 1^1 :((Y - o) ^j J5CJ1) iJlill ii|>iL ^j^b olS*^ 
^bui ol^L jjJU F L*^^ ^1 5^1 jJl 01 cUj^ 4 Fj D Ow»^l ^Jj^ J>^ 
cL-j-p-) H UaJLJl Op 4^^j.^-i L^-i-t fj— Ij 4D Uj-^^ ^^1 SjJlJlJl jljjjJ 
jcr*^ jIjiaI jI) c-^JbJj ;5'y^ j»-M»^ F U^^ ^/Jl SyljJl ia^ j^ (GFH = -2c5f 
J5 fU-i ^yi«-si» tijUj l^U-ij D 1*3^^ ^_^l) ti^l 5^lJi3l AB ^ ^o^^y.^ 

^ Ly j^, iH ^ikaJl 1*-^- t^JDl 4AB >iJl OLi 4S^ Jp 01^ lib .H 4laS;U 

.(ILto- u-jJbJbJl Oj^ jt iiaj^) t^j-i^l S^ljJl 

i]!iGl A^J <j^^jiaJl i>-jij^> 4(^.:.J..aTll (j^IJU-lJl jj-jl* ^jMj^jijS ^JLp»I*^I 

Jj4 ^-j Sj^ULl ^^U U. OT ^ JU ^ l^^-lJii,!-^! ^ ,\4j U^ ^ Jj^^b . jij-^l 

4^v^JLiUi4 Oh>^-^ jy 4 0UiUl (l)LJbJdl U^.4— ji OliDl 4<l)l^^l 0^ •-^r^ '(1^^ 
^lici jU^I ^. t^l^j) ^Iji-'yi ^ Ja-jdl JUJJI (■■■UsH ^ jUl^lij <^->vj 

. (ijjjliail 2bjjjJlj <x-Jl Oll^JbUl jll^^l i^iii <1*-^ dIjjJLll J^j^J (jr^y'-J^' 




(Y . o) ^j jsLili 



Yni 



^^1 Jla::pl ^j^r^ iiaJjLI oL^^wiJl c-j^ ^ 4 J^l ^^^^ ^\^\ cj\Sy>^ JJii 
UJ t iliU j^b Commentariolus ^^ Sijl^l ^^Ij^l roUi *^ O^i t liSC^j . ^^»1U.I| 
S^b ^ ^1 JlJLJL-l L^ ^^ ^\ 4>UJ1 ^1 j^SUJ c JjSfl is^LLu'jJLiCL, 
. ^,>.^JlI JIJLIpI j^jA Jl i-^L ^^j^ftlUt Syb iS'j^^ ^riJ-J^I L5^ U^^-J ^_^j;*.liit 

tijLk«j 4-^ti-l j^j-,JLUj S^b Mjui ciji» ^ «^_^_^l i^-j-ij^* jLiu.^ jLJ*^U 
j^jlJI tlJLU ^j^ ^IjJJj «iJLJi j,jbj tJw»5'j^l IJl* liJULi f^U-i jlJiii j-Jcj f":*'**^ '^,)^. 
JJLc iiLft . ^j^^j»U»« SyM^ jS'j^ ^ j,Jb J^ o-^ ia^ Jij c-.Jbi; i^^p*. Jj^l 
^1 r-^j-«-* ^--^ >* i De revolutionibus ^yj Commentariolus ^y j^xJl ^i>*-^ 'jt^' 

iJaJJjj j^Uaj« <ia-u*l^ i.^^— J "J^ c5V^' Vj^' J"! 'Srij^' jj^j-saJI ftJUk jjiAJu JUlJl 

osUJl t^j^l ^ij^l Jp jjj^\ ^ cliSUj .^Lp <^^ULI jyil ^y Uliail Jl cJU»j 

|»UJI Xj» jl^wUJI ^y it^^) iUjkJfc ^y «^_^^l A;rji>«» Jlw ^j Jpj j^jiaU 
^■sLJj; .t ^\T* * aLiJI Jlj-?- 1 ^ w ..Aj tA-JlJjj i-<-j-iJ (j-i-J-^-i J-Jtjt J-p- >^ IVo 
i^^^jL}\ o-ji>«» ^lJLi.i*-l Jp ^T ^i ilU* Ol U^ t(_;jj^ J-N^I ^2^ (Chioniades) 
Z)e motibus *bl^^j (GKovanni Battista Amico) j^-^l Li^U ti^jr?" '^J-» c5* J-^ 
j-fii Jjj . corporum coelesthun iuxta principia peripatetica sine excentricis et epicyclis 
sU-l SiUl Jl:>-I ^ ftJif>- u-JliCJl JJL aJj tj»\or'\ aUJI ^ v^' c5* "^i^' '*^ 
aJUjJI oJla aIjl>.i^I Jp ^4*5^ SV* r^^ SjlpL^ j^JlI jl^^u »iJULi3l jJIp Jl 



Swerdlow and Neugebauer, Mathematical Astronomy in :^ OIjLmjl.^ 0).>L^Vl l)IJl* (T^) 
Copernicus's De Revolutionibus, pp. 47 - 48. 

Noel M. Swerdlow, «Axistotelian Planetary Theory in the Renaissance: : jjkll t^5L-»l Jjj»- 
Giovanni Battista Amico*s Homoccntric Spheres,» Journal for the History of Astronomy, vol. 3 
(1972), pp. 36 - 48. 



y^o 



^•^1 ^jii\ ^ ^j^\ dUUJi ^ jh iV 

. 4..^^ JLli iaSL-^l ^ JuVl Uj^ ol^^Jull aJI^JLaJ ilJlpJ ^ AliUt ^llJ ^ybj tt-J^I 
De motu octavae j^ 4JL*iLJl <S'j^^\ o^JU^Jl oj-^I *j^>- ^ ^1 UajI jli" JLiJj 
jV^ly ^^)U«i*-*l cJJL^ t^^' iUsjl fj-*^ ^ ^l'^ J-*^^ L5* J**-^ cT^^ ispherae 
cjX>-j ^\ c-»ljjiajJl ,j.i»-5-J ^J^: iijJL?- ^Lm^jI ^^ JVjll-'VI ^ Lsi>^ tiS'jJ-l 

jJUij L-J UI . Juf j-j^ 4.»j>Lil)l ^U4»jS/l ^jLj Jl ill***! J^ ^j'j^j Lfi*<i J .Atf.* 
ijLji ».^2 j^ <Jl* 4«LlJtAJl jl ij^yJi iiJbiJLl Lf!lX*iLj tij-JlJaJl i-*-Jlfil r-iUJU 
JJb Ji jU^I ^1 o\S j}\ ty^l^ c/Wir^' J;JL>*^* oUkL- ^j^ JJ ^Ij .1^ 
. i'^UiJ y^p ^!^lj ^^ ^llJl OjiJi >^ odju j>. vUUS Jxi L^ 'W^ *^^^ 

^JJs\^^ JUUj j^ SU-^^i*^ \!ijK ^■-^ j" <J^ ia-j^^ Jj 4 lull aJxu-jI <jJ^ j^^:^ ^J 



Ynn 






jjji jl t <i^J-" J. > .^^ jj^ i^^kljt cJjjo jjJ>iJi .fjiJi li-A ,yaJ^ j_^l C-»lI»jJaj>«ll 
JbJL^ ijL^ jl . 4Jy*>-5jJl O^j-^jil ^JlA J^p- jJalJu AJl:Lil <-»IjJL)1 jl . lJai\jjL\j 



L«^3^ j_^ Lj-JLl ^yJI iiL-^l J^ (Fuat Sezgin) Oyrj--* oiji ilL-bU o^^iLi tJJjll AJLij 
0^ c-jil ti>J^I (Reinhard Xieber) ^ ^jifij •iliiS' ^^SCl^j . i^'sL^Vl A-*yJl oUljJliJ Oj^iSily 

.ol^lj ^a.i^Vl,>u Jl 
«Djughrafiya,» pp. 590 - 602, et «Kharita,» pp. 1 109 - 1 114, dans: Encyclopedie de : ^1 ( \ ) 
rislam, 6 vols, panis, 2*"* ed. (Leiden: E. J. Brill, I960-). 
r <lJI tGlJUo) iLu-*^l Ujf i^Jj^l u-^^l ^^l>^ J»:l>» vc^_p ^•-^jbl^i :^l (Y) 

.\Y ^ i(\'\nY) 



Ynv 



Jl ^ ('fj^j^\ o-L^ <^\j^ Jl tJjSlI fy-^jil (j^ U-J f-iS^y o^j^^ -^j-^ 

JljlSfl c, ^ t^UI JjSl! JljjJl ixi- JbJUt c-^j^, I JUhj . J^l i,^^ c-.L^ 

Jl (^t tiLUl oLU*iJ vV ^'^< Jl Sjl^k Jj^' r*^' •'J^ L5*^^ -^ '^^^1 

Ajl-jJL^Jl AJIjiJUl Jp^ i>-ji ^^^ ^ t>5j^ J^-^ ^^ cfltApI U^l US' tUJjJl 

4J >:.litf-»- JLli i^liil Lot . 4 .,A ^ ; Ij j..^^ Jby U jl 4.,<^4'J1 j-oP ^_^I:>- <La>.L>- iajlj^ 
4^^ JL?- Jl 4^JL>- j_^ W^^' c5*^' ^Liw-^l 3_^ <>^J t Ja5l^l JA SJbJU- oU»-J 

h j;5y .((\ _ •\) ^j J5LiJl J^\) 01511 ^ t5jU-Jl .,J»aJl ^Si jL^ ^^1 
^ (jUtfl^l OlSCi JljJ iap- Jji Ujj^ JiP ^j-.*-iJl ^UjjI c^I) Jlj^l ^_y-.^l ^jl 
^r.:,»J t JL^^I iiai- ^y S ^juomJI J-^ ju>IjJ1 c, >■ IS^i . C/y^ r^ tj* ^^'^^ «^^ 

<p = 90° - (h - 8), 

t-JaiJl fl-4^jl ^L*:J jL-^ (^jU— Jl frIji-Vl 5j^b ^ r-jVl ilaij f^J^ <J^ *^ij 
jlJJli ti^ US' IS^ . 4:.^ju> i^kj^J Jlj^l fliljVl !^ JLu^y Ot Ua^I jj^^-HJ • J^*-^' 
U^l J^va4 jl JLs^'ljJl /«^Ia~; . jliCll fliljl Jp J-^^ ILLJl AJL^I jjaj il^L* 
^y JS" j_^ ^jjjA JLLP- Oi-iiill Jb-1 J^p- *jS\j A.*>J ^^jSjI iJb- ISJ jl^l f^iljl Jp 

^^LJ-1 ix^jJJ LjL^ jlill ^UJjI j_^ JL5JL1P . jlill Jljj Jp j^iiJl^l jjjdxiJl 

. jj^LJl j^plijj^ 



tnA 




.(aui ^y> i^jL jujji cjoiii j^iijjij) 



tl^ 



^ ^UaI. ill-t /^^JbJb»dl oils' J^ c(^^ • \ • iL^ Jl^^) Jjj^l Jaj\ Jij 

;>c^>»-^ LiL^j ^1 j^l ji 4 J^l I»_^ o^JL^ iJj^ i^ tfrjil ^ Jj 
c(|.M • • <^ Jl^) L^Uj>.1 ^1531 J^\ j^\ iiC-S/l ^ ^ ^j .cJlS* JSLi^ 

jj^i jjL*^ ji .Jii^jbLi ouijb-^ a^ik. it=UiJb-i h^ rA^ i3bb to»i UiJLPj 

U IJuhj . r 15' jjfc (ij>il '^y^ ^j^ iAiUi j^l JjLic ol VI .j^ly^l ^U-j^ 

^ JaJii^ ^j . 4_^l53l Ujb-j ^1 iiUbJ S^^l cl«fl- ^y iJ^U. j^Uall aJu LfJapt 
^ jji ^ 4..,a'>L Ji>«:Jl (liyiijll iplial^Lj ^^^ I 4jL jSl^ jl ^-*ii t-UJl IJU SU»j 
cJl5 ^1 obLJ-L} p Im.iH ji jji^^ksA- IjJl^j .l4i« SUj bJLP Ijlp L. ioUUJjVl 

jJ^ .frU^l ui-^ J«^J^' (i^ -^ (^ ••^^ «^^ ^^ '"^^ til ^^-^V^ -(^ C.5^ 

Jp ,r,.-.„.7 <^^^j^\ Jljiil ia^ j> i^rji J^ JbJL^ ^(Ja-'jJl <l3jjill J*)^ U^ 

. J^l i»^^ JbJL^ 

o-^u- sjip (j^Arr ii-- ji A\r ;i-^ ^ j,jc^ ^s•^\) Oj-*Ui iiJLiii ^ji: j-aJ 

AjiUl ^ 4>.U.,.< iiiaJL* J^r^' lJ^ ty il Jjl ^ ciij^^l «Jl* q4^j . oJL>«i*JLl 

dJUS JL«u (jj Jl/>IjJI A^r j:j . i^ aJj! ^LiJ ^ U^UaJl <p i^jljJi jl^j J^ jw 4 ajjj-mJI 
(1)1 JI 4JL*-«Jl oJla OjjuIijj . ipjJaJail iiL-ll <l)j..,.,^^S^ 4 v^j^l j^ j> JL«->iJi j^ 

iai- J-P ^J-^ Jj-iaJ ijjL-^ i^jiiill iiL-II 0>^ JjJLLP . Sj^^/I oJL* ^jj« 5JL>-lj 



Edward Stewart Kennedy, A Commentary upon Biruni's Kitdb Tahdid al-Amdkin: : Ja^\ (T) 

An IJ"' Century Treatise on Mathematical Geography (Beirut: American University of Beirut, 

1973), pp. 16-31. 

S. H. Barani, «Muslim Researches in Geodesy ,» in: Al-Biruni Commemoration '.jJa^\ (i) 

Volume (Calcutta: Iran Society, 1951), pp. 1 - 52. 



TV 



^.iJ ((p ^T.ft ^^ ^ A(p (ijiJij oLJlI oJla 4.«Ji ., ...a" 01 J ;<l^ oL.^ Jjl>l Oj^ 

^^. A(p = r Jp Jj-^1 oSf dUij . JljjJl iai- J* orji J> Ji> Jj-moJ^I 

Ow-Jbiw-1 JL3J . SJb-ljJl A:r jJlU ^^1 ^_^j Uw^y 56 Jp J_^.MflJ-l j»J liSUj 

ISIj . aJU^SII 4.4»-ill «JlA ^y IJl>- i*jy U^J Vrj^^ jiU<ail ^y (Sj>-\ *-i Oj5i 

. ^ji\ Jei 4aJ ^Jp J-^»>«J 360/^ «* i«^l oJlft l^j-^ 
^ oJl^" Ujjj t Ji-I ow j_;*»Li ilL^ Jl J-^ 1 4^k-jiJl ft JLft 45i j^ U^LJ lijj 

56 Ol gJiiJLM/l tiJLli ^^^(Nallino) jjJu J-i ^ SUIS" L-ji OLil aJuk o^ji JLij 
JiLLj ijjy ^ft...flH ftJUj 4 5Jb-i_^l i^jjUD jJlS' 111.8 t^jL-J ^jiJl <^j Uwy 
Jp SXjl*- iiJLstf J, ..^ ftj tiJLJJL^ Ljil . JLi" 111.3 ^yfcj i^*^>.-sAJl U-JaJl ^j-« <jlJ^Ji^ 
104.7 j^^ ^j'j^ Cri-j^^ frL^J^ 2L*-^ (^^l U-J ^j^\ jlS jjJU ol il t jt^-jSlI 
. j^Ul JI4P ^y oi-bJtl i«-iJl Siji^ ^^ U iJUbj . 133.3j 

(jjL^\ JljjJl iaii- L»v ui^ Jl •'J^' iMtfjjxil vlyJt-l JjIJ^I |v— iJ 0! L:iC^ 



Abu al-Rayhan Muhammad Ibn Ahmad al-Birimi, Tahdld al-amakin, edition : *^ ^jij"! (0) 
critique par P. G. Bulgakov (Le Caire: Majallat al-Makhtutat al-'Arabiyya, 1962); cnglish 
translation: The Determination of the Coordinates of Positions for the Correction of Distances 
between Cities, a translation from the arabic of al-Biruni's Kitdb Tahdld al-amdkin Utashih 
masdfat al-masakin by Jamil Ali, Contennial Publications/American University of Beirut (Beirut: 
American University of Beirut, 1967). 

Edward Stewart Kennedy, «Two Persian Astronomical Treatises by Nasir al-ESn :^l (1) 
al-Tusi,» Centaurus, vol. 27 (1948), p. US. 

Carlo Alfonso Nallino, «I1 valore metnco del grado di meridiano sccondo i : j ^ ■< (V) 
geografi arabi,» Cosmos di Guido Cora, vol. 11 (1892 - 1893), pp. 20 - 27, reprinted in: Carlo 
Alfonso Nallino, Raccolta di scritti editi e inediti, a cura di Maria Nallino, Publicazione 
deir Instituto per I'Oriente, 6 vols. (Roma: Instituto per FOriente, 1939 - 1948), vol. 5. 



Yv^ 



(AY • ii*>. til^p-) ;^jj'jj^l c. » J JLii c A <pj.*j>«il lf^»^».u«i ^1 A-^^L*»Vl j^Uoll 
ia^ (3j-i oL>-ji jJLp iiL-^ J-p JL>-jj A JljjJl Ja^ c)l coLDjll ^ ijj li 

iJ ^ ^^ 1 <jt ^U ^^ JUiJ . ^L-JaJMl iJl* j^ \JlS \x^ «J^ *y (Ir^J 

J^ iljju *-,^j j^yuIJ 4jI jS' . 70° _> iJbJLi J^l Ii>- J^ «iJ .^1 JJu A***»L*Jl i«-^ljJl 

^»;i5!i ftJLftj .80" ^ <Jji» V-r^ -^ J^ ^ * ^^ J : <» ll'g » <-i!jJJr Liij tikj^l 
U-S* <.*<j^j VI iJ» (1)[ Jj-iJ t^^'j 4lJL>-V Lj-s^jjii-* ^1 iSjXaJIj 4jJIjJI oJL* ^^ 

^yj>y, Jjj--Jl ,_jla-^l J^J . 10° ^ ^jr^ IjSz}^ C.m.;1 13 - (1)1 liJLlSj . ^j^-ollat 
ijjdl ,_^ J^ ^ <3j^' <Jb • ^b j^' Cj A iJ^iLiJl ij;>-j 61* c Jl>- JS Jpj 



Al-Birunl, Tahdid al-amdkin, p. 121. (A) 

Carlo Alfonso Nallino, «A1-Khwarizmi e il suo rifacimento della Geografia di : j h W (\) 
Tolemeo,» Mem. d. R. Accad. dei Lincei, ser, 5, vol. 2, part 1, 

Nallino, Raccolta di scritti editi e inediti, vol. 5, p. 490. : ^ <«J9 Xs\ 

Claudius Ptolemaues, L'Almageste: edition du texte grec par J. L. Heiberg (Leipzig: (\*) 
Teubner, 1898 - 1903); traduction fran^aise par N. Halma (Paris: [s. n.], 1813 - 1816), reimprime 
(Paris: Hermann, 1927); traduction anglaise: Ptolemy, Ptolemy's Almagest, translated and 
annotated by G. J. Toomcr (New York: Springer - Verlag, 1984), et edition et traduction 
allemande de deux versions arabes du catalogue d*etoiles: Oaudius Ptolemaus, Der Sternkatalog 
des Almagest, Die Arabisch - mittelalterliche Tradition, I, Die Arabischen Ubersetzungen, edition 
et traduction de Paul Kunitzsch (Wiesbaden: Otto Harrassowitz, 1986). 
Al-Biruni, Tahdid al-amdkin. pp. 120-121. : ^1 ( \ \ ) 



YVY 



vj^ ^1 o5:-.bu Ai.JLJ-1 ji>Siij J^ji\ djji}\ ^ Ji>Sfi j^H i^^i j>ji 

""^34" ^ oy <> C i^j-^l t> Ul i24^ 



(\YX 



jOi . LlJli ^_^L-1 Jljj iai- ^y lj'>Ua:l i^O. Jl>^l Ja*i »^U jJL^ i]L>j 
Jj. Ij^ J^Ulj ^y^l ;«JyLll J^t» O! ^^^\^<\n U-. JjJlI) JIjuJ-I C^*l 
015'j .uwaAJ t/y^l J^LJI j^ U!Ak;l v>J' «^^ Jl>Vl <J>-*i, l^ir c^JLii- 
Sj^Ijli iJL>«il SjXJl i i./»t «Ja-y- jjb ^jSll jj^ Oj^— il |»— JJl jl oLp 4j jJL-il j2r* 

SjisJl ' ^..^•-t AjJJ-I Sj^IjJI c-Jai ^_^ ikiJl oJUj . f-ljJL^Vl Ja^ J^ Sijj^^ ikiJ 
^jf OJUj j^ t^JJl Jlj^Jl ia^ Jp Ui^i^ySC-lJl UUl c^..*^ bjfcJuJl jt) JLJfcJL-Jl 

t>^j -uyJ^Vl i>L^I JLLP cULUJl jjp Jl V-^^ «cr^>* J-^*^ c.J j:\\ (Uzain) 
t>u5j ^j»^j».liaj 3LJ (!)i jlJUi-l jy Jij .•;jij" V* ^^ *^^ *r*^' ^^ '^^Jd IJi^j 

Jl>i»Vl Jl jAj^ . ^j-jr*-^: V <3j-^ <>'J^I cjInOJj 13° J^ ^ ^JLlfll V^^l 01 Je 

[l>^ Oj^ JLiJLLP .Xw -i ^j^^ «L^^ ^Lail cfJUL; JIj iXe -( (ijJtJl «L^Li i-Uil 

: <jym Ol^Aj Jw>lii-I jj-^j-^Iiai Jjl»J (^-i^l J_^l ^^ aJIiII otAxJi 



3^E + W = 90^* + 13y + 90° = 193y 



4 JJL«ij j^^Jlill LgJL* ciljJU r^^jlS'j u^^ ^-J^l olJlJL?-Vl (jlJUJ-l ^^,kpt 

Jb^ V cJtAl^b o!)Ul <AjLJI otjUJi JJL^ iJUi Sj-Ip ^..jll dJlil ^^ ^J^ <1)JL. i.-^ 



Edward Stewart Kennedy and M. H. Regier, «Prime Meridians in Medieval : j_Ja_Jl ( \Y) 
Islamic Astronomy,» Vistas in Astronomy, vol. 28 (1985), pp. 29 - 32. 

D. H. Miiller, Al-HarnddnX's Geographie der Arabischen Halhinsel (Leiden: : j la W ( \X) 

[n. pb.], 1884), pp. 27 and 45. 



Yvr 



ftl^L Jl^^oSfl 4J ^U; ^^j^JJ ^UaJ» jfi- (Honigmann) OUJw^ Jl5o jSj 

jji t ciJJJb ^^^JLj jjhj . ^_,-s<aiSfl L-^T JjJLj j-^ Jjt Jlj j ia^ ^j-* U^^UaJl *->jJJl 

dOi plio LJ^yb jJL3 ^^^ tiJL-UJi d\ji\ ^liU jjl*^ otA^r^l JlJL* jh Jij .(^Ao* 

.S^^^lU vi»j»«-.N<>l JjIjJ^I ^2r* *ji*-^ ^j^ (^ «-lJUSj tl^M.flt 
ii!:>U2:i Jl^\l ^LL ^ylj t(MS Utr. Or. 23 de Leyde) j,.*-^ cj.L.^* Jl^jjj 

. Jlj^ tX^^^ -^^^ S^y-,aJl Jljj ia^ ^^«AJ 1 AJl Jp Jjb U IJLaj . SiUll ^ 

^ L^ j4--t J^i JbJL^ (1)1 .^T ois:i cJj^y*^ J^j oi^i ijla Jji» ^^ (i^i 

Ti SJL. ^y 360"' Uj^ ijjl>; jjJJ j:^\ ^JJfJi\ l)Ijj^ J-^ ^h -u^^^ -k-^ 
^juijJl ^ (ijiJi ^ L-u-LU-* Own-* j^*^ JjJaJl (_^ (ijjJJ^ J-*^ ^ \Ju^j . <^Lm 

. ^_,k^_^l OjjaJI ^y t jd^'^^ t)j^ (y *> J^^ ^V-* t>^ (^ v^l oJLaj 
j_^ if-LlL. j^ jjai\ Asrji «!)Sl cojLi)/l flJUb Jti Jajw (l)t ^^1 ^^ySi ^^^^ 

4.U;.tUj Aijl^j cijl^l -bijj yuJil olijVl iJL4 jt U^ J5G ^^^ .^1 ijj 



Ernst Honigmann, i)fe ^icAcn Klimata (Heidelberg: C. Winter's Universitat- : j ]a W ( U) 
sbuchhandlung, 1929), pp. 132 - 155. 

Kennedy, A Commentary upon Biruni's Kitdb Tahdid al-Amdkin: An ll"' '. j — la — II (No) 
Century Treatise on Mathematical Geography, p. 126. 

.ni ^ i.<^ jx^\ (n) 



tvi 



iiL-ll cJjjoj ^L^ ^ J^ o^j^ cJjjo bJl ^j^ . JljijVl ^ ojj-^^ t-jL-^ 

jJaj .(^^JLJl (5jU-JU \ly>tl^ ^j-^ J^^ -^ /*^j' i_5^ ^JJ^' jjIjJlJI aJjfc aIsUiJ 



, /crd^ AB - crd^ A (/> 

AA = arc era W —: -r-— , 

y cos <^A . cos (/>B 

Jp ^j Jj^ J^^^ crd e Ul . ^jSlI JjiaJl Jp A JjJj iJjiJl Jp A JjJ cL-j>. 
^liCIl J_P Bj A uLlLoJI (Jjl: U:.> 46 oj^^l ^ujljJJ JjlX- tiiJi^l^Jl S^^IjJI 

Ajjjt^ ^j^ '^■"^■^^ -^^ c-w-Lu Jl-«U-aj c^— «1j^L> SjJLiil Jilj-5Jl (3jl> Jljl>l ^ 

4^ Lo! . *j:jU-jjJIj JL»^L» 2u>c^I Jj^I l,. .->■ ciJUS JUu . L^^jJ ^j^.j ikj^^ 

caSLL-iI 4.«-sdLp ^(aJU-I jLLwJUil ^ i*iljJl) ijji^j ilJJu ^^ AA JjiaJl j_^ <ijiil 

C^Lkst ^ ciUij . CjIj^ SJlP o'>Ip.I 6jj5Jdl 4.T.w^^s<? J^.laTt l^J^P ^jj^^l J-^^ -^43 
C^LL-J-l ^Ipl j^ ' T^jjj y^jiAi 'J»J^' (3i^r^^ 't'>^ ^J^ (Ji^ (J^ ^U^l oLL-o- 

jl . iU»Utl c1j!>^I ^^lidJ c^LJ-l JjiaII ii-i JJLlj jOu . o—j-j J iSj-] Jj> Jp 



Al-Biruni, Tahdid al-amakin. j i «u-ii jJL^I : ^l ( \ V) 

Kennedy, Ibid., p. 152. (\A) 

Edward Stewart Kennedy, «Spherical Astronomy in Kashl's Khaqani Zij,» : j — )a W {\^) 

Zeitschrift fur Geschichte der Arahisch - Islamischen Wissenschaften. Bd. 2 (1985), pp. 1 - 46. 



YVo 






tU oL^ ^^ Sj->*^l liL^jVl Jla^>v Lf^. I >■■:.. .i[ ^ *^r;^^' '-^ ^«-«-«Jj . iJljJi^ 

• Jj-^l «y ^jb >-^ <lJ^ 4^' «y »>?^l iU»jVl ^ i«j*^b. 

Lfj3 JL>»J *y jj^J • W-^ ^-^ jiLol! aJLft j^ il^U-^^Ajf jj-ARj iajljj oLjI J^-^kJj 

(Marinus de c5jj-sa)I (j^yjjL- jjfc ^M^Vl iUJi ^ J\ Jall^ ^-^^ ^-^' '^l 
jlUJLl ^>Jjbi ik.^ ^y oLulJL^^"l ^Uk: 0_^. . (i!^l JljuI:^\** JI>>-) Tyr) 
t_^i«^ «-• ^}A^ ^ lj^\ d\ Ujj . Lfijj UJ oJLiLidLl iiJiyil ^j^^^ ^ Oi^^ 0-* 

^ L^ ' .... 



Edward Stewart Kennedy and M. H. Kennedy, Geographical Coordinates of \j fa...,;! (Y • ) 
Localities from Islamic Sources (Frankfurt, A.M.: Institut fur Geschichte der Arabisch 
Islamischen Wissenschaftcn, 1987). 



rvn 



d^ tq) Jblji: L-JL^ ^j^ljJJ (y*y^^ i»j-L?- Jlji»I Ol Ujj . ^^ (q) = 36°) 5_^ijjj 
.Lf-j:L3»- ^j,diijj fj^^Jj JU-i ^JUlJ <(_;^>ijL« iiai^ j^ t^yJl -UjJa>- Jp oULJll 







Otto Neugebauer, «Mathematical Methods in Ancient Astronomy,» Bulletin of : jJiJi (Y >) 
the American Mathematical Society, vol. 54 (1948), pp. 1037 - 1039. 



YVV 



^ (j^yJi J*jia^ ^' • i*i»UlLl U-jIlJlI l»j\iA'\ ^ l^lf: Jaju U iJUfcj . JljjJl 

pjL^ .ii^^l ^^L JUL jl ^\ J^l i»ji«- J* SJU-UcL. ^IJlI 5jl>^ ^Ijj 
'cT'^^-K J^' c^yJ' J*^ J> Jp oULII ia^ (\) .-.1.^*. 5^Vl iUJi jLii^l 
J^j 4(p = 63°) (Thule) :U^ j\i\ ^y^\ ]^ J^ J* oUL-II i^ JU^ (Y) 

. (<p = 0°) #lji-.Vl i«- J> 



t^yJJ i»jk^ jS"!^! SJL>dLl ^IjjJl tAiaSl^ Jli3l J^l ^y 4^^^-Jlia^ 

4-16;25°j v23;50°j63° :c^UjJiJL| <>jj^l olS ^l^^^l ^IjJlII LfJ^ Cr* J^J 

I ^jil^ ii? jia^ ^yLj Ol Jjiail i»^^ j2r^ *^ "^^ ^^^ • oULJil l^ JiA>^ 

ikiJ- Ja«-j iUil ^^ iJiSUj .fttsUl Sj^iil «I^!^1 J>y^\ jSlj:» Jp ^'j tj^l 

. Jlj^l \^^ J> Jp c^ULil 

\>j>^ IipU o_^" JjVi ^1 J^ .^U^l ^jiVl «Jla ^y L^jX ij^- Ji>.!A; 

i»jJa-9- ,_jI-pL?^ (^JL?-1 OLi ^ jLiJi f>Ji 4^ L.! .SJL-L»CL4J 4 »-^>.Lt^..,^* oLuIJLp-^I 

^\^\ 4>J^1 J>^ ^/mU^U-SH ^ cuiu^j Ji tpjJl Si^rjil tilyJL-l t-^liS" oU»^ 
^ \\\^ jjjjl olS (Aya Sofia) «Lij-M* U» il»jlaifc ^j.^-,^ ol^^l oJL* c^Ji^l Jb»-jJ 



Al-Mas*ikli: Afi/m/ al-Dhahab (Les Prairies d'or), cdite ct traduit par C. 6arbier :^l (TY) 
de Meynard et Pavet de Courteille, collection d'ouvrages orietitaux publiee par la soci6te 
asiatique, 9 vols. (Paris: Imprimerie imperiale, 1861 - 1917; 1861 - 1930), vol. 1, p. 183, et Kitdb 
al-tanbih wa'l-ishrdf, edidit M. J. de Goeje (Lugduni - Batavonixn: E. J. Brill, 1894), reimprime 
(Beyrouth: Khayat, 196S); traduction frangaise: Le Livre de Va\ertissement et de la revision. 
traduit par Carra de Vaux (Paris: Imprimerie nationale, 1896), p. 33. 
Josef Fischer, Claudii Ptolemai Geographia Codex Urbinus Gracus 82, 3 vols. \j U >) (YD 
(Leiden: E. J. Brill, 1932), et «Kharita,» dans: Encyclopedie de I'hlam. 



YVA 



vijjj ^^ *>Jj-^j ;>^' ^ aJL** cJIJ Loj . ;jwiLxJI JLj^ ^ I JL>- ^li« IJLa JS" 

L^L; ^ 4 "^ (Ruska) \.^jj 4>Jijj • lUU <^j^ o5 4.>m--jJl bJLa ^.^ 1 L*^jj 
.iJU^^I i^—Jl ^y \i*^\ Sj-tL. Ju^l ^y l_^ Ji ^] ij^y-I 

o^» (il :;>Jj^ ^^-^ (fAtr _ ANr) iui:::- s^ J^ o^lii Uiii-i ^jiiL^i jiij 

JJLi ^ ^ULaJI frVjJh ^j^ OjUlJI olj^ (i-^1 <J! • '-^ *-*jy" >* '-^ ^^J ' *<*^t 
Ju.Ji 1^1)1 ciUD 6^p-j SJLp ^2;^ Lj--^ Jr^' ''^^ 'Wj 'u^i^' ^^ c** '-•Jy*^^ (^^' 

i ^jf' \9^^ ^jJ^I oJL* ol Ujj . il^i^l S^ ^y <>...fl:.n4 oU-bll ^^ ^jJbtl jt 
• vT'^iJ^ ^-^^ ci-^l f/J' cy «^^ ^Ji^-i-Il l»li-^l Ol 4>45c)l ^^;SC^ 
il*- Jl^p-) *-j|^^ Jj-^- j^^*^l u>*J \^SiA ISI JLS'j^ 4--i tT*"^' ^^ P*r-*4J 



Leo Bagrow, «A Tale from the Bosphonis: Some Impressions from My Work at : ^1 (Y 1) 

the Topkapu Saray Library, Summer 1954,» Imago Mundi, vol. 12 (1955), p. 27, note at the 

bottom of the page. 

Hans von Mzik, «Ptolemaeus und die Karten der Arabischen Geographen,» \j h— ;! (To) 

Mitt. d. K. K. geog. Ges. Wien, Bd. 58 (1915), pp. 152 - 175. 

Julius Ruska, «Neue Bausteine zur Geschichte der Arabischen Geographie,» ij laji (YD 

Geographische Zeitschrift. Bd. 24 (1918), pp. 77 -78. 

Nallino, Raccolta di scritti editi e inediti, vol. 5. ; ^'1 (Y V) 

Muhammad Ibn Miisa al-Khuwarizml, Das Kitab Sural al-Arddes Abu Ga'far :^_Ujl (YA) 

Muhammad Ibn Musd al-Huwdrizmi , ed. Hans von Mzik, BibUothek Arabischer Historiker und 

Geographen; 3 Bd. (Leipzig: Otto Harrassowitz, 1926). 

Al-Mas'udi, Kitdb al-tanblh wa'l-ishrdf, p. 44. : ^"1 (Y ^) 

Suhrab, Das Kitdb 'agd'ib al-akdlim as-sab'a des Suhrdb, herausgegeben nach .j U^l (T*) 

dem handschriftlichen Unikum des Britischen Museums in London/ cod. 23379 add., von Hans 

v. Miik, Bibliothek Arabischer Historiker und Geographen, Bd, 5 (Leipzig: Otto Harrassowitz, 

1930). 



YV^ 



.L^J^ ^^^\ A-N^j V^ (J^^ olJlJL>-)fl <<--i j»-y-j ii^ i^-f* oLfj^-y tolls' 
4.L<»..\lj Ifijj LJ 5JL*Uill Ajjljdl i^^^iajtl j^ (ji:^l-'^ <^*-iJl aJL* j.«-s^ ol c,.>.^ 
i.jJxi- ^ Ixi^ J5 J> J^j ^l_^i^Ml ixi^ J> Jj> oUUll Jii^^wJ .oL^> 
^JU .iJjLuil ;akll ^ ^Iji^Ml Ja5t jl^ oUL oUUlI ^Jii ^.-.---i U IJubj .JIjiJl 

f^)fi ^1 _ r 

oj-iS" A^^yul* oL— I4J oUlj^ ijl::SC ^-iUJl <l)yi3l ^ uiri'y^' a* ^>*^ '^^'^ 

L^l j^^L?- S^^j^ *^-J-i (J! ^^ ■■■■;* JailjiUl eJu ^J^j . iUJl <^j^ ^^ ip-j-^-^Jil ftJu 
. ljj^\^^\S ]aj\j>- i (Kramers) jj^}^ j^ J^ J*- 



tidjLJl olytJlj jUpbU i*-j4Jj U-j-i ^j».^t" t->l::5Cll IJLfl iijJb- ii?>jl o^^ 

S^l Jp. B J A Oi=^lJ jdai; jL:^! Jp ^^I JjI ^ iL^I •!* ^^ 

' B' ^,,fl:...ll Ja^l tl^JlP ilaj^l ^>^ Ot Jb^ jJl aJj^I A1-.J ^ tdUS Jbu 



.1«>^ A' 



J. H. Kramers, «La Question Balhi - Istahri- Ibn Hawqal et I'Atlas de rislam,» :^*l (fO 
Acta Orientalia, vol. 10 (1932), pp. 9 - 30. 

Lutz Richter - Bemburg, «A1-Birum*s Maqdlafi tastih al-suwar wa tabtikk : j_Ji_il (TY) 
al-Kuwar: A Translation of the Preface with Notes and Commentary,)) Journal for the History of 
Arabic Science, vol. 6 (1982), pp. 113 - 122. 

J. L. Berggren, «A1-Biriim on Plane Maps of the Sphere,)) Journal for the : j — )a Jl (TT) 

History of Arabic Science, vol. 6, nos. 1 - 2 (1982), pp. 47 - 96. 



YA 



:ik.^l Jp LfJ a^Ull P :LkLJl jb^ tS^^I Jp P -bjLii-l ^Lki Uii-l ISl iJb'JLip 



t AP t5^l S^ljJl ^y J>3 LjL^ A' F ii^l J> j^^ - 

J! oUVLj .BP (5j^l SylJiJl ^>i J^ WjL^ B' F Jiitl J> t!)^^ _ 
.ABC OJill oUV aik. A' WV vUUll .Ul 0^. <1.-^ P' iliiJl ^^- t^i 

5^1 Jp A tjjc UaiJ JL^lJ . UjLJI iL^l^ c^L^yi ilf-- <ijj]ai\ oJU jj 
likj^l Ja-.j ^ cA' iliiJl JLSJL^ ii-lJ . ;.]a.a.-Jl •!> j^ litiUa:! Uj^ ^^'j 
ISJ .A' ikJUL j^^ jj^ ;k-il^ ii^i^l t> oUl^^yi :>A>^j .A ikiJU Sj^^-^ 
^S^\ A' F ^>all la^l ^> Jp F Lt=J>-^ <^^' '^j^* <> ^U^r^^ <i*^ P ^^ 
Jl v-^^ ^>^' P' -J c...,)! ^ijlj 6^'j . AP ^^1 syljJl ^y J> <J> ;^jL^ 

6 Ia Jj^^l cjL^j -Lilj . SjiCJl Jp AP J c. » II ijjljJ OjL-^ 4 (.^JajJtl j>>Jll 

jVjJl j ji r>»-**^ S^' \^ij>s>r lil . Ji US' i^lSL^ oU-tAk^l l>. >-;,?,..* iJUjJl 
c^Uil :Lka: p ^^ d\ Jl p -l^^i <>j iA' ^Ui ilai; j^ Li^OaJl iUjli^l Jji 

.F 4I1UI Jp iSJi:^ J-.fl^ 

u->Ii5:L pip ^ Jp dJUi Oji Ol^j Z^^^^UI ^>- cdLi Oji ^r-^J -Kr-i J^ 
Ljjj! ^_^ iL»jJaJl ftJufc J--U t^JJl (Postel) JjLm.^ i^Jir b\S U-^ ' Jj^l 



Charles Henry Deetz and Oscar S. Adams, Elements of Map Projection with : j b il (fl) 
Applications to Map and Chart Construction. U. S. Coast and Geodetic Survey, Special 
Publication no. 68, 5* ed. (Washington, D.C.: U.S. Government Printing Office, 1945), 
reprinted (New York: Greenwood, 1969), p. 176. 

William C. Brice, ed., An Historical Atlas of Islam (Leiden: E. J. Brill, 1981), : j b ;l (To) 
p. vi, and Carlo Alfonso Nallino, «Un mappamundo arabo disegnato nel 1579 da 'AH Ibn 
Ahmad al-Sharafi di Sfax,» Bolletino della Reale Societd Geografica Italiana, vol. 5, no. 5 (1916), 
pp. 721 - 736, reimprime dans: Nallino, Raccolta di scritti editi e inediti, vol. 5, pp. 533 - 548. 
Deetz and Adams, Ibid., p. 175. :^l (r^) 



TA\ 



NSj EW ^^^ i^U) . «yb ^Ja^ J^ 0^1 ^Jl^ J*li-1 aJsj^I oJla ^ jtjj 

^^ jjLsoJLI LjL*^ JjiiJl V •^J^- t^"^' ^ljl--*^l it?- c.4../a; Ijy^ jJ^ EOW ^Wtfll 

;«jSfi i*-iSli i»>i- ^, ....S'.i .w -ikaJi ^j 180° Jj lO ;kiJi ^ 90° Jj cE ^kaJi 

tJuL-Vl j-?*Jj (J^J^' >^ fi--*3 2/l /t-SyJ .5JL>-lj i>-jJLl LjL^ ^J-^' ^J^^ ^^j^ 
dj^^ 490° J L,L^ N JUJJI c^JaJiJl J^iJjl j^. cl.^^ tWj Oj E ^ U^^OaJl 
^j^IpL^• jj» olJIJb.-^l A5L-i a^^ Ii50hj . -90" J LjL^ S u^yJr\ cJaJiJi fU;jl 

^yJl Ja^ JaJL^j . EW ia^Ul Jp X J>JL Sj^O^JlI ^iiiJLj S j N jl^cdaiJL y jJl 
J^ hJ\jl\j cp A^ljJl S:iJL>«il cIj*^! JxiJL y ^1 SyloJl j_^y jjk <p ajjIjJU iJL>*lt 

.NWSj NOSj NES ^lyVl j^ J^ 

i^l^JVl aSf viUiS- o^, ol 4i^ ^>. OLS'j . U^lj^ ^Ij^ JUJL>^j UlJi^yi ^l>iSll 
. j»-«Jjl IJL* J^p- |ju>- iJ*ji^ AjpU-iJl oliLIIj t il>jli-l ^ ci3^^' /*— *iil ^ JJI3 

.Ulk. SUx 6^. iKi AJ^i 4 6U:>t -u^yti- ^^1)1 ,3<.....>:Jl J^lL-Nl 

S^l .■tf./t.; J^ ^^^a.LLiJ jljJl fUidJ ^j^^- Vl fUiJl IJu L* t^^^^(Berggren) 
.AlkiJL ;>.M.fl4 iu^b j^l^t jA Aj^y oLJlJb-^l ^iSLi oV 1^ diiSj 4I4JL.I5C 

sjL^Ldl ^ijloiil (j-^^^ij ui^i^i^lj U^ J^b J^ j^ ftjJibi- Aalar.^ i9_^iap- Jp Jbj^' 
j^ 1 4 ft Ut;..^ ^_^ ^jf^\ J9jla>- IiiLw* Ui . »ljL^Ml Ii^ .t^tf: U Ud.,..U ^Jp AUa:JL 

oJLa . iijj*^ (p iu-j <l)j^ *»^-*c^ (^-^^^^^ jJaiJi iUjiljj OjjIjlII ^TUtf;> l^l^ JL;>-Ij JS 



Berggren, «A1-Biruni on Plane Maps of the Sphere,» pp.47-96. : Jiiil (fV) 

TAT 



(TA) 










Edward Stewart Kennedy and Marie-Therese Debamot, «Two Mappings : j— la J I (fA) 

Proposed by BIrum,» Zeitschrift fur Geschichte der Arabisch - Islamischen Wissenschaften, Bd. 1 
(1984), pp. 145 - 147. 



YAf 



t/ -k^ i>* j4^ *^' "^1 • lSJj^^ i»lL-t>U ^jJ' J-Jo; iyry. *-ij^ V ^ 

iIjU^^I IJL^ ^jw^JaJ (IrJ^ t^\'\'\» ii-. ^y t (Gianbattista Nicolosi) i^JjJjiLj 
^ j»J -^^"^^Li^J^ <^^-^ J^. j^% V-^' ^->^' ^-^^ '-^'^ cP^- ^^' 

Js^^lail-l ^j,A*j cJlS'j . j^i^ c5^'^ f ^^ tLo J (Philippe de la Hire) _;-aM ji «wJLj 



^^UiJl yJaaJI 



0" 



\ \ \ gl« — T~ I """" 1 " f ■ / / / / 
^'\\ \ \ , \ \ I_ (7 / / /t^ 



180" 






Macaya d'Avezac, «Coup d'oeil historiquc sur la projection des cartes de : j. 
geographie,» Bulletin de la societe de geographic, vol. S, no. S (1863), p. 342. 



Ji Jl (X\) 



YA£ 



1j (Aaron Arrowsmith) C ■> .^jjl djj tjjt^^y^ ia5lji-l lU- Ut 
jU^I 4j| tUij^l c^lj ^>JI L^, J-il *:Ui^M. j>^-^ Jlij ./l^ iiii> ^V'\1 

.A^L^^ J^\ iaiLl jL::>.| J| 4<^ e....>..U t!>U»j; c^Lp ^ylill d_^\ ^ J>-'H\j 



.y\ ^^*^^i i^u->i - ^ 



iLjt-- (^^^ S^b (_g_^':.»-* J-P o^^l Jaii i»U-»l t^ft;..,>.>*lJl JtfLi— 1^1 j^ tj^ 
^IjJlII jl ^^ SjJlI ftJLftj /^^^i!>Lll J-J ^0' <!-- JI^H^ (Jl ij-»o L^j JL^J^ ;>-J 

IS^jUaJl ^ft^...>iJl i?lJL-.^l aJ aJL>«i-^ t(4^jjJl AjLJtAil AiUl ^ «saphea») «Ai>.-ivaJl» 



Otto Neugebauer, «The Early History of the Astrolabe: Studies in Ancient : j l^ •>! ( M ) 

Astronomy IX,» his, vol. 40, no. 121 (August 1949). pp. 240 - 256. 

Jose Maria MillasVallicrosa, Estudios sobre Azarquiel (Madrid: Conscjo ' j ^ '' (il) 

Superior de Investegaciones Cientificas, Instituto «Miguel Asin», Escuelas de Estudios Arabes de 

Madrid y Granada, 1950). 

Johannes Keuning, «The History of Geographical Map Projections until 1600,» :_^l (IT) 

Imago Mundi, vol. 12 (1955), pp. 7 - 9. 



YAd 




^ jt>L-Vl ,^*--*^l i»U^)lt 






Konrad Miller, Mappat Arabica, Arabische Welt - und Ldnderkarten, 6 vols. : j. 
(Stuttgart: Selbstveriag des Herausgebers, 1926 - 1931), vol. 5, p. 160. 



Ji_Jl(a) 



YA1 







. JL4JI Jl »-;>yJLl yt t_r-iJ'*V *^^ ^ 

JLJUdJ li'i)^ lilii^l Ji-.t ^ JL-JJI ^,4^ .Jljjt yip ciJL. J^ ^j 40UJL. 



Koniad Miller, Weltkarte des Arabers Idrisi vom Jahre 1154 : ^J ii— J itJ±y^ s^jJ (ia) 
(Neudruck des 1928 erschienenen Wcrkes) (Stuttgart: Brockham. 1981). 



YAV 



Jp U^l>^ OjJbeJ <mJi\ Ujjall j^j <jjdlj i-ilyJt-' ^r-^^l J^ ^^ ^li> ■ ^^t 

C^>JLJ jLLlk* Lufi ..^lU J<J Ji-Jlj i^ji>^\ d^j^\ U . o^lj c ,! Ua^^-t 

/''^UjJLiJt j^^"l ^ ;ijyd! ^^1 j^LiSl ^ J5a JiJij t^>Jl 

syi^ ^_^^/ LjL^ dU- jlfdJ Jji» <^^t j^ ci-J^I (j-*j^' -^ J^ ^kj^ t JjVl 
jj5^ t^JUl <yj^l ^ J^ J^\ ^y\ tju L.JLP <^^^:i:ij - ipLJl ^Ljt ;j^j ^pL- 
-JUVl A^lm liXibj . ^LJI M^jj a^Lm ijJiS' ti>!>lsJ LjL-^ ^JU jLfiiJ Jji» ,_^t 
j^^S/l JjUl ^ ^U 'Ju^ o:>Lj U^jOi^ j^ Jb^ JS" Jil^ *i->.^ 4 JU-UI aL^L 



(£V)-, 






Honigmaan, D/c jie^n KlimaUi, and Ahmad Dallal, «AI-Biriim on Climates,» '.j-i^^ (H) 

Archives intematiormles d'histoire des sciences, vol. 34 (1984), pp. 3-18. 

Miller, Mappa Arabica. Arabische Welhund Ldnderkarten, vol. 5, p. 164. :^1 (iV) 

Al-Idrisi, Opus Geographicton, sous la direction de I'lnstituto Orientali de ' j ^ '^ (f A) 

Naples (Leiden: E. J. Brill. 1970-). ct A. Jaubcrt, La Giographie d'Edrisi (Paris: [s. n.J, 1836 

1840). reimprime (Amsterdam: Philo Press, 1975). 

Edward Stewart Kennedy, «Geographical Latitudes in al-Idrisl's World Map,» :^^l {i\) 

Zeitschrift far Geschichie der Arabisch - Islamischen Wissenschaften, Bd. 3 (1986), pp. 265 - 268. 



YAA 



u-'>Ji Jl ti^i o^ ^liL-ii oil ^Li;>^'t (^^^» c> ^1 'C^^b cT'-^^i ui^V» 

l^^jA\ ia-iJl a-nPj^ tiiJUS JLajj .(i_^j-« J-^--^ SiJL^ LfiJlj^ jJ-J ,^1 SJLjlJI 

5-ijidl V^' ^^' Jl *UiiVl JLP JiJ ul J-i tc--^l ^^ ;> m^s:* olUij 



A. F. L. Beeston, tddrisi's Account of the Britiah lalcM Bulletin of the School of ■.J^\(e>*) 
Oriental and African Studies, vol 13 (1950), pp. 265 - 280. 

Oiva Johannes Tuulio - Tallgrcn, Du nouveau star Idrfsl, edition critique, : j la ',\ (o\) 

traduction, etudes par O. J. Tuulio - Tallgren (Helsinki: Imprimerie dc la sod6tfe de littfcrature 

finnoisc, 1936). 

Wilhelm Hoemcrbach, DeutschUmd und sein NachbarlSnder nach der grossen j — )a — 11 (6 Y) 

Geographie des Idrlsl (Stuttgart: [n. pb], 1937). 

Reinhart Ptcter Anne Dozy, cd. ct tr.. Description de I'Afrique et de VEspagne, : j-t-il (^V) 

texte arabe pab. pour la premiere fois d^apr^ les mac. dc Paris ct d'Qxford avcc une traduction. 

de notes et un glossaiie par R. Dozy et M. J. de Goeje (Leiden: E. L Brill. 1866), r6imprim6 

(Amsterdam: Oriental Press, 1969). 

Boris Ncdkov, B'lgariya i c'cetbiite I zemi prez XII bek spared «geograJiyata» na :J^\ (at) 

Idrisi (Sofia: Nanka i Iskustvo, I960). 

Hans von Mzik, <ddrisi und Ptolemfiu8,» Orientalistische Liter aturzeitung, Bd. :^,_iiJl (oo) 

15 (1912), pp, 404 - 405. 

Al-Idrisi, India and the Neighboring Territories in the Kitab nuzhat al-mashtdg :j li .;) (dl) 

ji-'Khiirgq al-dfaq of al-Sharif al-IdrJst, a translation, with commentary, of the passages relating 

to India, Pakistan, Ceylon, parts of the Afghanistan and the Andaman, Nicobar and Maldive 

Islands, etc, by S. Maqbul Ahmad, with a foreword by V. Minorsky, Publications of the De 

Goeje Fund; 20 (Leiden: E. J. Brill, 1960). 



xs\ 







Y5 



4DI JL^ 4^---l ^y ^Wi • 4i-« Jl^ aj:^ c**'-^ V^ ly '^^>»-^ •-'^ '^y 
jLa t-ib^ j_^ J-^ J^' <Jt^ i>«-J L41* JL>J iiajj^ «— 'll^l ^<>.^:^ -cJ-iJi^' c5*,^^^ 

/"^^(MiUer) 

SJL^Ij JS" ii^JL* ^V♦ pU-^I aIsj^I jj^-i^j .ftJ^lj i^-j-J^ ajjL-^ oliL.^ ftJLpLiij 

^ oUtAl^Lj tidjUa^ olJI-L^)/l aJL* d\ j^^, iOJiii oJl* ^ iljtX* 5^^ ^_^l ^ 
j^ iSLjJ tLJlJb 01^ jJj tUJI VliL. 4_,Ja-*J tfJ^ U-^ cikjji-1 aJL* 01 

Oj>)l ^y v^V' ia:l>JLJ tLJ^^ C-^ 53^^ ji! SJLp.^1 aSLl1\ ^j .oUjl^^I 

JLp-jJj . fl">Ul Sjj^Jdl «-7ji^r4-^ ^j^ i^JLi* ^^ Sij5»-jil oLJjcJI *^ j_^j . tJaL^j^\ 

Oi^w^Ui .^Oai-Sl i>:j . jjUi ^jiu jc^ij jsCij y*L" JJ ^^1 IJLA ol ycij L:V 

«j:-iLjIjl>-)!I ja ^>" ^i^wi ^j J^ tjjuJajyi-l ^^La ^ toUJi S^^^l jjjj 

ila-.^ 4^ ^^-j^ j-i-«^ c5j^--^ u^^j^ ui-^ (>^ iiLJil L.I .90° Jl -90° ^ 
V tf./a» J;%tI ajJ^Lj iUj^ ft^b *-*-jJj . JiiU-l <iajj->- j_,3 «^L>-j^ «,r^J c5*>^' 

^1 jl^bli Ji^i j! ^Uii f^^ . s^ijJi ji-b ^ 14-^ ';Jki>i u! . dj^\ ij^\ 



Miller, Mappa Arabica, Arabische Welt-und Ldnderkarten, vol. 5, cliches 34 - 35 :^l (dV) 
ct86. 

. AYj VY Olljj-^l lO « t**-jij jJU^ail :^y IjjILa ^j (oA) 
.AV jUjj^t iO ^ L<^ jJL^I (d^) 



y^\ 



j^i 2L>.:iUi ^ 



(♦) •! ♦ - . 






IJU ii^^ *U US' fc J^lS^U jj^l tJuk jij^ kljAJut CjILJ ^(Henri Rouquette) ol5jj (J^m jU! 

Luis Guilhenne Mendonfa de Albuquerque, Quelques :^l^^^ZiJl IJL» ^^j^ ^^..aJ^^ 
commentaires star la navigation orientale (Paris: Arquivc^^^Centro Cultural, Fondation C. 
Gulbenkian, 1972); Leo Bagrow, The Vasco (/mtq^s^^ot (Genova: Civico Instituto 
Colombiano, [1951?]; T. A. Chumovski, Thaldth rahmanajdt majhula U Ahmad b. Majid, texte 
arabe et traduction russe (Moscou, Leningrad: [n. pb.], 1957); Gabriel Ferrand: ed.. Instructions 
nautiques et routiers arabes et portugais des XV et XV f siecles, 3 vols. (Paris: Geuthner, 1921 - 
1928), tomes I et 11: textes arabes, tome III: Introduction a Vastronomie nautique arabe. et 
L' Element person dons les textes nautiques arabes des XV et XV f siecles (Paris: Imprimerie 
nationale, 1924); Henri Grosset - Grange: «Analyse des voyages d*Inde d Malacca,» Navigation, 
vol. 81 (1973), pp. 97 - 109; «Une carte nautique arabe au moyen age,» Acta Geographica. vol.27 
(1976), pp. 33 - 48; «Noms d'etoiles, quelques termes particuliers,» Arabica: (1972), pp. 240 - 
245; (1977), pp. 42 - 46, et (1979), pp. 90 - 98; «La Cote africaine dans les routiers nautiques 
arabes,» Azania (Nairobi, British Institute in Eastern Africa), vol. 13 (1978), pp. 1 - 17; «La 
Science nautique arabe,» Jeune marine, nos. 16 i 29 sauf 22 (1977 a 1979), et Glossaire duparler 
> maritime arabe, autrefois et aujourd'hui [sous presse, 1992?]; 



Y^r 



oVTj ^UJI oMT :UL^ Jl oU)fU ^(Ai^l iU>jVi) ^Lil jj^j [J\yJr\j ciiUJl 
. UU- OtSU^ 4-^JLiJl ^j-MajJl jl «--*-v# l4j-«J1 Aj*-^! /JLp 2^tJ u^j^ <^1 

IJl^J ^j^\ jj^\ «-^j ^.Ut,,.; V Li^ . <iJjj ^ OljL>^l 611* jl5 ^^^^-U 
.(^^1 A^^\ jJU- j^Ux4J i^sULl l:ijUi jy^l ^_^! c......,j tJLiiJi 



Albert Kammerer, ed. et tr., Lfi Routier de dom Joam de Castro: L'Exploration de la Mer Rouge 
par les Portugais en 1541 (Paris: Geuthner, 1936); Paul Kimitzsch, «Zur Stellung der 
Nautikertexte innerhalb der Stemnomenklatur der Araber,» Der Islam, vol. 43 (1967), pp. 53 ss 
et vol 56 (1979), pp. 305 ss; 

JJU t^ytJl JUP ij^l ^_^l t<ij>- j^-^y Jji^ *^'>J> ^' (^ ^^ >-^< (^4^^ K>^V» 

SitiU ilL-jj i(\^V« i.lJjUii\ ouJall tirijjJl olUI ^-^ oUjjit- : J-i-^) > | iW ''JMj 

^ yLT .^pOl jJLp J^ ^ J,^Sfl JL^ ^ Jj>Jd\ lU .^jJi\ JLAly 2;j>>l-Jj ^>wJUI 
n-^^l JIP ^^r>«Jl pji*il 't5j>»- (^'j^l Jt*^ '7»^l ^ t),h^^ (/ Jj-*ffVl JL^i ^ iij>Ji\ UJ. 
^.Jiil L-^^-i *(\<\VT cvj*^l <*-iii* *^^' *^l ^ oU_^ : J-l-i) \ J— iil iJJL^j J^i^ 
jjijjj ^r^j J--4^ 'J^-*^' XijJLji j*i jbfcjt 4t*!iC i±>-\^ ^^ t^Jji— Jl JL*-* ^ JL>-L« j-i JL^I 
Ahmad Nafis, Muslim *(\^1^ tt-viXJl ^U rSykliJt) ^J^^ j^ JU-^ Js^j <^^" *cy^^>->^ 
Contribution to Geography (Lahore: M. Ashraf, [1947]); Robert Bertram Serjeant, The 
Portuguese off the South Arabian Coast: Hadrami Chronicles, with Yemeni and European 
Accounts of Dutch Pirates off Mocha in the Seventeenth Century (Oxford: Clarendon Press, 1963); 
^ji^\j oL-.ljjJl jSjjt : ^Ui-^ i SjjjJl jb : c^jj^j) "^yJI -^^^ i>-^l ji : i-^Lf-^ c}^ Cr"^ 

Gerald Randall Tibbetts, Arab Navigation in the Indian Ocean before the Coming of the Portuguese 
(London: Royal Asiatic Society of Great Britain and Ireland, Sold by Luzac, 1971); Alan John 
Villiers, Sons of Sindbad (Portway - Bath: Cedric Chivers, 1966), and Reinhard Wieber, 
«Uberlegimgen zur Herstellung eines Seekartogramms anhand der Angaben in den Arabischen 
Nautikertexten,» Journal for the History of Arabic Science, vol. 4, no. 1 (Fall 1980), pp. 23 - 47. 



Y^l 



<j C-^jJJl (^JUI ^IjjJt-lj ^jUl jll»)/l t^j^ J^ 'cT^J^ <^' L5*r^ 

.OyJl is^^l v-^jl^ J-ibL tOJ^I ^i oL-jSai Vf^t iiljiV 4ciUS 

^l>JL| ^^Ij ^jUJI ^^1 :%] 

.Uh^l AiUiyi j^ JpLiJi SjJi^ai ibjUiJl oV:>Lll cj^lki:! % c^ 

. jj\jJLj-^lj ijl^lj ^jiJIj t^jjOl SjL>«JI 

iJL ^1) sjjjuJl A:ilj^ ^ aUp <-lil-J \ju\J d\S ^JJI ^.y'yi JJyJl J^UI _ 
(IJI3:J) ^>-j (UtJ-l ^ J) Lf-^^J y^.^ W-^i* Cy^J (^. L- Jp rv UiOP 

^jjJub ^jjj iiuyJl ^>^l i-^--*jil r'Lj^' J-^ '<^j^>S^ V-r*^' ojl>«Jl Oli'j 

.^^Sfl iu>Jil Ji-^j f^UY • i-^ jJUJi ,.U.^j 

. ^ \ £ • Y iU- JlL« c j^^jiNl ^IjJl <iJj^ ^^j^ cAXa JLii . cliljUdXlMl dJj-U—j 
Liyl Jl Ju^Jj t^jjl/ ^ tJL^Jl JIj L-JjJGl Jl tO^^jU oJLP Jbu c^Vl iJl* 



y^o 



^^1 c-ju-bu i>jLsai yij^vi :l-l-Ji >,.,..,■> 4o^i y^j^\ j.> juji oi 

(Barthelemy ^Ij^ j^^aJLJjL J-,^j ij tLiyl J^ ^j-"^ t)jiiL '■'^JJ^ '-^ •i^ 
(Vasco de Gama) UU- j^ j^ii »^\jj . ^ \ £ AA ii^ »JU^I »L>-jJl j_^lj Jl Dias) 
^--i"!^ <>ujL (Quelimane) OUJl^ j^ ,_^iJl d..-^) J^-^jjil SliU*^ VU-i Jijia-ll 
j^^Lj ^_^ t (^jlJU oUaJLy- ^jS jSj . ( JjI^JIj <^U^Jj y^'j^'j v**-^*^ ^^^'-^^ *^-r^ 

JL>-L« ^1 jjfcj tj^JJLfil Ja-flJll ^ iSy^. *^^ (j— ^' ^^ J-^ ^^^UJ tljtjij,* OUaL- 
. (iJU-l Vl^ ^ (Mahe) ^l. ^j^) (CaUcut) c^j^\S Jt Uj. YT SJd 

.Aj^P^JI ti^Uljll u-JlS' A,^ JL>-Li ^^1 jjk oJ>wl ^y OL t^yJa* J^-^ fj^' ^ia . ^ >J ^/ 
t-»yJl ^m Jl c4:ji ^j Oj:> <y ct5^^ -J^ J^^ '-^ J-^ <^l* 'j^f i>* u^. W^J 

.(cjajJlllll jjprj *dJ^' *j^^ V^J 

UjU*T.«il j»J 4 Ur. « <ij>*i «i»jla>-* oU| j^ V^^^J^' r^^^ Sybil? c1»JLpL- JLdJ 

.^yJl J5f>«l) ysU olS'jJi JJ y 

IjP ^y ) J^ll (j^y^\ ^^UJl Jp v-ijjJl Jju 4 LjJU ^y ^^^ (H^^J CJl^j . l^l-i 
^ ;j»jL^ Uajt ^ Oli* J-*) JL^>« ^ >fi C(jwaJl Jl (^>-^j Ut .(o^^l^ j1 

jij^\j t^iailL <L^ <>A*Jl aJLa ^jjuj .JL*«Jl Jl iiU^VL 4aJU^I cJlu^Vl Mai 

. Vr^lj V>< cib^lj <>l>Jlj 
/jliil ^yj-^ ^>U . i»jJai-l oJUfc J^ ^^--Jl aIj^I ^J4^yu iL«-^jll ^LjjJl cJli'j 

JUJLJl oUML SijUi a^Jl Jl iLP-Ul tiyl ^ ^Ljl ^JUb u^ o-jL-ZjliT JJ ^ji 
V-r-^ J^-h' / j W» .rf-^ <>• ^'-J^' ' -^^ h^j>- t>* -^i^ jj-.*-iJl ^j . <^j-iJl 



Y^n 



^ ^t^i •!* c^ ^ . j^yJi c4>Jt-i •ij^Vi ^^ JIjjla c-*f 4_^i v--j^' r'^JLi L»i5U;i 

ji-jj^* (^ t JUllJI «bJL^j <^^^jJI jj^ ilJLi^l ^J-p ^. »?. .h/JjJLjI Jl ji^yi/^^jij^ 

Aiy^\ ji>JI a:Lc viUS Jbu .(JJUI ^ i:uil5ai Jj^U jl i^^UiJl ,^- ^1 
jj. Jvai t^JJl iaitL J*/ ^ ^Ul ^jjl U .iUjVl Jl bl:i-.l o^>^ j>r •^^^ 
iLi-Jl -L>*if . JjJLJI ^j^ i-.*— ^1 ^Ij^l Lfji »^ t>Jl SjiiJl ijL^ ^y tOU^j JLifll 
w-^l ^L^ JjVl jw^LJl j^ JJ dl>S\ ^jM ^J ji^ jS\ ajaij^ j>6 Vjt 

c-.l^Nl ^ i-i-Jl j^- ^ lib . ^rfy»Jl 5y.>t-' V^ J^^ J> (> <l^^l J-^l>^" 

tcJ^LsAi L. IJLAj .^l 5JLP ilL* jUi::;Vlj JL4II Jl ^^1 ^-^j J^LJl IJU ^ 

.^Ul Ji>3l Jl v-JL l^iJai c^l^l Je>Jl J> I JiSiL 

kDli»jia>jLi Ot cUUij . 4.^UJl ItUJi ^j,AAj ^^>.ATj Ajj>.J| I»^^iaitt X^ytJ^ (l)t j«P 

L5^J ^ oj^IaLmi' J^ ttj o^^Ja,«^^ (3j^ ^y^ (^ oljjJa>«Il ^jiAaj ^jp^jt /U^^ ULa^ 

^j^l ^LijI L>*-^ d\i ciiJUlI U!>L5-j .^^jUll - (^^1 gjli^lj JUtJLJI ^^ 
ij>-j Jp J JJ c (Pemba) L*jj (Les Chagos) ^ji-^j (La Sonde) JLJ^-^V _> i^U-l 
U^>iil ^^-^ 61 ^ aLjut L« J^^^ c5^r4^l ^^ * *^^ ^^ O^J ^ ^^ Aj^L« J0^^ix>- 

. ^1 ... ^Ijj L.J IjU-j ;jwaJl Jjkl ^^ U-iil iiU: J.P O^^iil^ c^jUaJlj c^JULfll 

. JUj^Ij JL4II ^ JSL*^I •!* ^ 



.^Lji -litL :i^^i a^^j ci-^ui ^yi ;^i^ 

c-JLp- ^ APjwx* ^_^j tAjJl ^_^ O.t-^T...* cJlj U ^1) 4-pt^l i--5'ljLl 01 
*^-^* d-^ *-^ ^^ liJLU-Jlj O^UJlj (a^Jj^ ^>*J JjUaX* ^JLii olij t^LJl 
. AjLJlI cjblxJl c,., ...■ > ■ f^UA* t (f^^^l Lj-Ip oJtj AijLJl ^ f^ jjkj) ciUjii ijj^ 
^^Ij jj^Li ^1 j-.dP ^^ jaJI t)I «Jj*; j^j . i*-ijj <L^ ajbr ^JLni ^j^L- l^l 

^Ljjl dj^ LtJULP (^l 4 J-^l ijl^i ^^ ^j}\ jj-^^ J--JI Jp ij^li CJlS" 



Y^V 



ia3l>l ^^a*i (> o;»^^l d^: i^Ji\ JP c^ ^>iJl ei^ SlS'U ^1 (»^^1 01 

jLfJL-l IJLA ^ ojJI ^Jbi Oj^jj . S^;--X)l jjA^I ,j,A*j J^ #jJl ^_^xp- UjLiu-^ Jlj 

f'Ujjl Jl U i^jjJ Lfji Ju^ ^1 ila>JJl JbJL>cJ Jo.*T....,; <UjJli iJT : «-->V jifcM»l 

. <«^Ut ^ 4Ma 11 ^\^\ ' y^j 

.JL^l^l <A -b»-jj (jyt* <l)l^ ^y J'jJ^' -^ 

:b^U-JI fl^Vl oLJlJb^l 

Lfw^ ^1 c^^l 5y ijJl Jl ;^L (k^l <3l^ AJi^ aj^I j : <^jU— f^ ^^ 

^l1 ^y ^^ J53 iail^l ij<U3l jji\A\ ^yuu ^ ^Jxtu JjtJbj- : <ijp^\ 2-^^* 

.^Ij ^^..^..r.llj ^-^1^1 oLJlJb-l ^j.4»^Vl Jp IfJj .AiJl 

^J^ 4^.d >«^ll ^~J»y^ JbJL>uJ aJojj^ : (Jl>-L* j.*! ^rrr^ c,^.«>") aJajUl ji j^JLaiJI 

ikiJl oJLft ^ Ji>wJl j^JJj -J^b *'j^b AP^r-^Jj alit^l ^^Ia* Jl bLL>il tiiaj^l 



YU 



. ( . . 60° 

.(90° - L^J\ hj\jl\ + ^U-jNl) 

.oljUilj oljUNlj oljUlj 

JuJb^ ^jju 4;.J...il ^>^ -^^j • V>^' *^^ y^J JU-Ul fll^U Ul^l c-«-*^ j_^j 

. aJ Jory t^iJl jlSCll ^jf-j Jji* 

Cjlpj-aJjJi.1 ;ji>U>» (^JL>'| ^ 4jj\ft..Ji fl^^xJl jjp L;yt>« ^JJ j_j* jj-M»Jtjl >«-».^J I Uj^l 
. ^jVl Jljjii J>*"^J 01511 ij-*Ju iJbJll ((_^jl«ll) ^JxwJl yk -JOjJ' iSy^^ 

LoJLiP 4.^l>- JLuLa IJLftj . 4JLjA-mJ| f^^y o^y^ i\^ cjL«.>»j tco.^ l5*J * ijy*^ ^Ji («*J 

. ^j.aX* J>^*^ ^_^*^ AJLftJrf Aj^>»JI ^JjjJajl (1) *xj 

. Iji« \AoY ^ Vj^ ^ t5>>^' Jt^' L$J^ '-j^j .iSJjJ 

.(oljUyij 
.^^ V^Sfl aUl iuljjl :^^l 



,^jl\l Aj\jji\ UUl 4ij\j}\ I^IOJI j] ^\J}\ 

c^ jl a^^l i^I) iLiJl flw. Jp <>>-^ s^i^ 4^ qWjJ* s^*'^ ^' • 11°; 15' J 

U5 r-tjJl S^li ^^ ill/ j^J .C-*jU^J 3j\^^ Jl .y.SjJ «^^^>»Jl *U-^L Olf>-jJl 



->« 



^ 



^i>^' 




(\ _ V) jjj jscjji 



4LJJ.I 4J1>)I iU-^l »^aL. :Uilj 

J5Lt. v-!>dl cJjUil Jp ^1 j^ ^(^jUJl ^>^. 05 U IJUj . i^^l ^ Ul.^1 

c,a Il btjj (j^^ (iiU^j . ^v^-x^ J^*^ < ua .. J l ^y JbJb«:J (.!,Jl^ ^:^^-«^ f^ 

Jp Jj.A>JJ iki^l Jp A^^iiJl Ji^j tU-^^l ik^l^ (^ lil) oljUl ^^(i) 

c-*— >■ «aIi53U jI jjJLiJl iL«-l^ Sjl^ aLaj j^T Jp bbL-l UjL-^ ^ji ' J^**t^^ ci^' 

dUi^j t ^jSIa (^y>*-3i ?tla-^ Jp) LfXPj-.-j i-jA-Jl A^Jj-j ?T../i:» . JL>-Lt ^\ j^-JLj 
JLs^j : JLs^jJl 4Vl.*>l^ ^.s^jjtJl ^^bJLmJ LaJLLP l^.T-^fci^t ^ JjI>>iJI *-.f^J ( J\J>I 4i>^.Uj 

'^jr*^ *^L*-> ^lj>-' ^^ J^ c5^ <_5^^ «jjL-LaJI <ia-»l^ 4;J...II a^j-« Jbo^ j»ij 

. 1^...^; 4Ji>JUi ^ <-^ fla;jMlj *^1 ^JU iSji ij^^ i»UJLJ 4^JUJh JadU (,\ij>^\ 

-J^'j <^'^ L^ c ^.* liLi . ^^ .S:...* Ja^ ^^' J^ criJ^ J^^ «>*^l '-i-* J^^-^ 

ti^JliL. Jp J-A^ tj>SCl ISj 120° -J jj^l L^-NdAj ^r^ SJLpU. |i|^I Z'^ oIpUJjI 

jJiVl ia^ ry^-^^ ' T-r^' Ty^^ ^^ SJUJLp jj-«b ji«l| U iJUj . i*--JLJl Jp J>«Jll 
jjJL« (_^Ju d^Ljj AluL«Jl oLjj frj_^l j^LX^Jlj (u-»L-saJI la— »j IjL^ jI t^) 

SjJill i«*A)l >«-:>*-^ yfc 1^^^ t ^>^' iJUJtJl <i^;>^l oljL-.ll Jl i---jJL Ut 



ro 



tf^l j^LL-jl ^j^^ .Oy^ll 015CII Jljj (i>L^ ^ (^J^^ .w.-^) ^^jJl gy^/*-! 

(>• J*^ cjr* LT^') ^-^^ oUUlj^A] i^U-j 'c5V^' J^^ -^ cr-^' c> *^^ *M 

.(45° 

. Jlj^li ^JJ >J hj^^^ f i>rVl ^U-jl >j Aii^l U.U Jpj 

«-M^j^ JbJL^ Jl t j^S/l Jjl ^ ' Jtr^ j»t:*J^ <>^ i • ft^t i^jyiil ciii; j^ a1»Lu Jit 
<ij>*J\ Jail^L ;^^.,t CJl^ (t J>.|^| JJjl) o^Vl •!* OV ^ ilai^Ll Jp v., a,,. 11 
J^ ^i Jbu Jij ,_,^jij jL-^ fi-^y. -ia^l^l '^J^ ^t*— j) S^rj^l /Jt-Jl olS aJUI-I 
c Jj»-LmJ| ja (j\jjt J^ A:>-t^l j_^ c 5jU*Jl (!)15j . (S^yJw» f%JL-» Oli 4;.L,^a; iajl^ 

Lji^jlij \jJ\S ^_^l (jLJl ^ t3W*- ^*^1 *^ tipj—Jl) i-/>ljt-l j^I^jlaj <1)j^jl>wLwm4 
Ojlp j> c-jUJlU ...» : ^j>u oUJjcS' i^JL>«i-Il O^ jl>-U ^^^I jU-ilS') ^^j-^L 
^^ llr cJj ^y lir i^^^ Uj Jb£ (^..^ llr 4kft;.ll ^^^ IJl^ oUVI iJ- ly^ Jl 

4i5l_^l \JS i»^ ^juci ^jS f UJjI (J-*^ t)l Jl lis" <f>-J viJUi XP ii- . Al-Jl Olijl 

t igj.;.s/?U jL-il ^ iiibcijl ^_^jjiiJ J^Lll _^ lJjs^] J^X^ . lj> ^y J— '^1 <Jl^ 

^I) ^1 pi jLii fV' ^ iJL^ 5>j jbo tA.1 . ;iJ j^ ^Laii ^jdi\ j^L-jN Lj 

. • . . . (^^p»Jl (3-»-^ ^^^*-'l 

: iij jJl oU;:..il ^yiM u.^..^ Us*^ ^^ 1 d^ji-l ikSJl ^j^a* oI t5y li^j 
ji ^U cdUi ^ ^^L cA^L. ^1 jl^ji JLiJ .^UjS/lj i^Ull oVTj Ja5l>l 
iia^l t^U aj^ jj^ c-jjiJU) cjj^LS" Jl (_^JjJLi ^ ',p*r^l Jij-^ Cr^ tULi- 
. Ujj ^,j^j 4jtAj C-»b iU-j A*rf (aajJLJJJI <^yi\ Ajj\^\ 

(^yJt 4>-'^l JLu Z^UUI iwljjJI j^La< : L«U- 

j_^ <riy»Jl tijLitJJ ^J^.,rttfj ^;^j^ Jl v-i-ifS V 2L»1jJlJI eJi* d)! 6^1 li>«-^j JiiJ 

O^io >.,..Sll j^ L-->jl>^l fiJLfc CJj^ JliJ .(jijjjj^ U>^^ V->^ ^.rt^'wl') Jl Jj ti>-^l 

_ JL>-U j^l Jl 4; :1L iikdl ftJL* LjilJLj>i i5-Ujj - (^J'.^ll I»-^l jj« (jjyJij JU-Lll 

t <--.iJ JL>-U jJjI tj^^l Jij . aj^^L^ ^ • iL^j \ £ • Ai*<- ^^ S jiiJlI S^^l J>U- 

ia->«il ^^ A^\yt ?«-^J .S^^Ml &Jjt 4w..'.> ccijUil aJLa j^ ^y^ o^'^^ -^-H' >*J 



iLs-) U'^n iLw- Ali oJ Ji JjSfi Ju^j .^Lj i^-:^ ^^\j a^L. ^1 ji5 

a^\J^j^\ ^L>'^\ ^Uj (UbJu^U Jl^L. ^I jL^ Lwj ^1 UU j^ jJL^U 
oUjjJl t-'Wn Jl -'AY ^) a;rU ^)/ <\<\Y ^^1 oli :a.>^l ^ ^i^ . 

U ^.-jlS* frU-u-I I4J o^S jJj .((jwai j^^ c^ AJjliiJ j^^ Ujl:lp) LfU> UJ oUjyiJl 
. ojUJi ^ I UdjI JiL:Jij OjIaiUj Sj^^l ol^UiJ Uj^ (^Jiifll ia^l 01^ 

JA5^ AJl . >J1jLw..1|I (3^ jio .ij. jj,^n)\ jj[>Cj 0-^1 jtJiP t)l U^i Jj^ (1)1 /S-'^iJ 



r*r 



^^ ^_^ ^jj-*-* >^*«->'-ti «Nj.^i^ sL*-JlI liJLLDi ^--JiS" oJLS'j . . . ^j-^Jlj uhJ>*j^Ij 
A^!Ail «-*i5Gl ^y jJtS'j 4jJja31 ijp-*^l v,>:SCll ^^ OjUJ jl UJLp <-*>-j::j liiOkj 



c?-'>' 



iJtjLa « f 



dUiJ .Us^Sfl oU.--dJ l^iilk* J^ ^^I ioli»>^l -UUl J^ oVjLJ OL^Vl 

J^ S^^>^ ^"^ ^ lib ^lij^b J^^ (>»' V^ ^ 'j-^ <^' S-^ "-^ O^^ 

(G. Ferrand) Jul^^ . ^ U^l ^_^1 iJUaill JJl>«iil Jl jJUaJI ll^ ^;c-^J • 4..^2,H 



r»i 



. (G. Tibbets) ^j^ . ^j t iSjy- (^'^b 

c la.M.ll »«-^ljJl j_y*JjcJl c^^l t-<^^L Cj^S/l »t5il» ^ O^^^ ''C^j'^l V*^^^ 

JbrU j>^l «-»L>- JiaJ : o«-jiJl Jl t ciUi Jbu t »(5jUJl Obji o^"^! i-jU J^ jl^U 

(If. ^ i *ij>*J Cj\ja\ju» ^ /i^ljJl ^J^ J>f^' ^cT^^HJ^ jlk«i}l) j^Uoi U ^^fiaj 

. UJL ^2r4^1 ^JU. ^JJI iU>l ^1 ^tij^ v-'^l -iij^ij • <r^^^ c^U-Ldl 

^j-vfl-Jl. JL>-1 ^i j^bj t!Ai-« 4JLLJI ^ JL>«J SI c^j-saJI jjiuij aJU^I ^j-SiJ 
cSjjJ> jJLJ JS\ oI^I ^j^xj t^^Y jj^l Oli ;l»^^laiJLl ^ «i_^^l 4i*^l X^'^S 

j^ "^j 4 l^-^jl J^ Jb»-L. ^1 0^ (3l j^, ^ i-l^li ij»-^ I?'>Ul <>,.■■■ J ^Sj 

. «JbrU ^^1 jlJL5;» J 

^yJl <i^ i}j>- U«L,<» j_^ ((^jULiJl j*-i-l ^j 4JL>-U ^1 c)l lj->-i ia>-^j 

IJjbj : ijj^^l ji?Uil j»j!^ oIpUJjVI <uw> Jjiju Oi (^,*-»i» a:>^j tilaiJl oJi* fljtf4J 
.Lpji ^^1 9*5l:dl (j-Anj j-«jb U tf-ljiu-Vl li^ JjW^ i ^1 (J^ J*^ 

c->jl->*ij 4(_5JlJUiJ1 ^^j>l:}\ jl>*Jl j-*j tJL>-L» ^1 ^Li jlSJ ,<^j>a}\j j»JLxJl /^ 

4jb-u ^1 L.1 .^L^^ai j:LiL j^i ^uJi a^ 4i^i ^ d\ jL^tiib u:^:^. ?^juji 



Jvai)l iuU ^ ^1>I>:1 (^) 



r»o 



a^iyJl Ib-^l JJL-j : U^U 

<<-*iJ JLJl li;fc <j^^^ <1> i tolujt J^ c)L>- jll uJU-l ^ II,^^ ^.^'flrf uij--j . jjUJl 
iajLvfli' Ojij-sAlj ti^U- JL3»-L« j^lj tCjJjjJl O^^tAll (U>fcl* V «!)! LIj jJLirJ 

ojJL iiJUi 015 ^j ^^1^ 'f>^b oljLiyi ^l_^ j^^Lij cjU^I ^JiJ-l ij>>*-Jl 

. v.. a.. .11 jJLaII a-i^^I JiJuJ 

«^,.,.JIj .^Jl>l ^Ijij J;-I>JLJ oLJl oUbi!>Uj iv>J^' o^^^' u?i OUI....U 
JbJL^ J-p JL^L-J ^j^>«-J' oLpUJjI c-Jli'j . dUS ^y ,>-^^ ?K*.*«J jj^ 1 L^l y* 
«i^^l CjUJjcJI* J-,aaj *JL» «^JL4lII)» JUJL^ d\Sj ,h*ttj» ^a]a\M ^y A,\/a„..]\ A-v^j^ 
i^.«— ^1 ^^JjJl ^UalJlj (^JU^Jl ia*j>»il ^^ fWj^' oLj OJ . O^jJl (j^'^^^J •j-^ J "^ *-i J 

oUl^ij (^ja! jlJ^I ;jw>mJl SJLili j^ Jbj; UjT ljjSJl\ ijj>S\ oUwl-1 ^L-'j <-* 

gU^r^U JSiLt \jL.jc^\ JLiJ ?f>Jl cOkit J t^yll ^IkJl ^iJU-I t^iJl J^^\ 
^^.-^ j^UljVl ^^^LJ 015" i^^jJ^\.j.^uJ\ ^ Jlil ^ U5j .^^^»j fbj^U 

oJb^j ^>fi^ ^^^ . JLjLMtfVl JI <--jJL» iJL^ oU^lj Ajji\ CJlS'j tiiL-il JbJL>»Ii 

«4U jlJ JUI U tiil5CJI AjjJl oli ,_;^U]I oVT OlJLrti vUll .Ju v*I ^ ^Ij JiJj 
^ 01 M 1 2L-^ Vj ^il^i ^y c J ^Lili SJ^j «^l-j V^' a^-> • cfV^ tr*^ 



ro 



20 Jibu L. J\ <, U...^i 12 (^JLaIj V j^^l c/"^ C!:*-^ *^^ c5^' (J-^l IJLa (>« 



SJbJLiJi Uj^l ^^J c«^Ls^^l» ^Li j^I ^^j .iJL-JV' ♦^^j-^i (>• ^J^i 
J5l3i 5 ^y> j^l ftJUb I4J Ji; ^1 oMU-lj) aJi 20 ^ JSl Jl 4i-ijJl oIpU-j*^1 



(l)jwjU:...> JL>-U ^\ J-.AP ^^ SjU^JI Dl^) A^U**! <*jjL ^JiaJu <uO i^j'— *e 'c5ti^ 

fi>i oir jJ - <_,J*aJi ^\ jijji ik^i^ owj^i ^U^^i jU- (> Jj-^< JL^Ulii 

^1 *j>J yfc j::^^' J-J^J • ( Jji^' *^j-^ <y *^^1 j^' (•-^^J (i^) <3j:r*J' - ^ >* ^^ 

(^^j^il ^j-^^ «^ij . oL-iJtl jj--jli* Jl 4 ry^y. '-*-i' ^r-i ^ ■^'^ o*^ o^J 
L^^-;..^!; u-j>*^ c^>-^' oL-iJtl Ut .JL--VI £^ ^ L^jl ^^^ S^^^ '-J^ «1)^ 

^^.•-siJ ^ dJLlJJ t Ajijlj ^Ui SJLj^j OLJJl d\ . i>w;>w» t)^ ,^ jL*dl IJiA c-..-^ 

V Ori kj^^^ ^^^ ^' ^7° 36' tij*iJl - c-'j Jj:?*)! - 1 jjri ^'i^J *^LJil (5jLJ 
ila-^ljj 4jL3i oL-»Li! Jii ijjrj ^JLp Ji^^j . 7° 42' ^^^ 3jt^^ - r j ti>?*Jl - 

4^1j L,. ....->■ t«^L^l aajj! i^jL-jj JL:r J^w SiJL^ jLJJl i*J j^i viJUU .30* i-^jLij 



r»v 



Jj^l . V-J 




(Y _ V) ^j J^LiJl 



jjj J^LiJl >;i) 6°i40' oLii-l iU^I^ o-J ISJ ^^1 oJub ^j . JiVl Jp ^^^1 
. (7° ^6' ^ ^1) Vjill i^l j^ LjZ SJb^lj :i>-ji jlJLi^ ^^.diJ ^j . ((Y _ V) 
OtAjJjdl ^ iJlP JU-iL LJ JLilj . h2 Jl hi ^ ij^alili f^J'J^' <J>^ <^^ c5*M J-i^j 
^j-^jJl ^ iJ^j iiLlij f^^^l l;'^*?^ (J^L- j^I Uijjt Li") iJljjJl Llj^l j»-J Jp 
;iijJLi-l (ijiaJJ Lajj tjLipVl <jyu Uii^t JLiJj . -^Ls^Sfl ^^^-j iJiL«-« Jj Jj-^jJlj 

:a^ ^iL-ji) ^jjj^\ j^u-j^lij c(^i oUJJ UjLiri xp ;*-iSli oUi ^^-) jUs;::^! 
^^^\ ^1) ^^^1 ^ij t(j,^i ^j)i ;-uii i^i jp y>. ^1 (jji jLv»^i 

ijljjjl iijijjl ^ ^^^1 j,.^^ ,_^LiLl j^SJjVlj c^^LSJ-l JUJJl .1^1 ^ J^^^ V 



r*A 



jlBjl 




JU.VILUJ^I 


1^ 


JJ^I 


r^ 


jJiP 


^r^ 


^ 


fO^^^l^ 


,^j\M 






gUVi 


6°05, 8 


3°31,8 


2*»34' 


20^ 


1°39' 


2°54' 




7<»49,8 


3°31.8 


4** 18 


15' 


1°44,5 
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3*'31.8 
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7,7 


1*>29,8 


15°45,9 
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3°31,8 
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1°44,6 


17°15,7 
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3°31,a 
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20*»16,2 


6,7 




20°22,8 


12 



^ L^July JLip Vp ^Sll IJl^ vJLiJl Lljil ^ ^^Lj ^^1 Uijj! ^1 SJiTjll 

i>-jj^ i^j^\ ^J^ 4 w .^ . i J c(jLJLJl) j-fJl - I /»- > i'Jj t4J^^ ^-i.taflii A-s^j <U^L>- 

<pU-j1 ^2;SU-i Jj^l ^^>U JbM^I ^1 U .OjJUJjJl ftUopI ci-J^^ ^'^^ yj 1°36' 
I»jX4 J5w iJLii-l j^l j^ Jbj; c^>Jt-l ftj^l '^Ji^^ f>?^^ i^U-1 oL-LiJI d\ 



r*^ 



^^1 Jy Jw—^ ' J^b (Jtf-^^ t/^y <y*ri ^^ «^ij ^VjjJ^ Uij^\ 4^x^\ji ^^--Li 
j^^Lill j,J ISj ^«j>w9 lJL*j) «jyb-» ^b ^^Ull fl^l cj^T ^^ ^y 'c5^' >~ fl . ^^ 

^ JLilA. 01^ JlP-L. ^1 Ut 'ivUUJJ Ulj j^jVl <> Ol5 ti^lj c Jlj^l ii^ abcL 

<jj^ ji ^i^^ ^(«->^l c»«^ ^U ^^-^ cJl^ \.A^ ?"-r**-*^ (j^W^^ <^' ^j4^ ^^-'k 

Jjij >i^U-l fl^ l>*^^^\ lj>^\ \t\Lj^ U^ JbJl JSwJl Jp 4^U-j ^^j^ '^^ (IK^ 
^j,<9Jo o^.^ «JJLtJ ULa^ L* IJuhj . ULmJ <p^Paill ULJlI jlJiijij olSjUl ^1 j 4.^ 

yfc IJuh : dUjc* U J_^ j^i fc V*y ••J^j^ *^^"' f 'jJ'* ^y^ <^^ •'^'-* (>** -^b^ 

. oljlJ (l)j^ ^j *J^^ ^^ y*r^^ <^,^ Uxp jj5>«ii Jj>^' 
jtJlibU Uij jULil ^^^ ^^ o^ .Up oIjLiJI alfl JLp-U ^I j^lJUi.!*-! ^^j 



r\ 



c>-) ^A" S\ J^^ Cr* Wr->^ "^ • • '\^ <Jj^' (>^ h^^ <i^' 01 i^Lju. U 

ciQj ^ 4j»-!idl LfJ^)l>- ?JU<aJ iuJl Jjt <Lj^ ijli iJLU 53jL>-j^ H^J^' •■^ .Ajli 

l^V AjjjjJl o^l V-*^' rfi^' *i^^ c5* U"*^ -r**r* ^tr^-'j-^' V^^-A' ^' • "^^"^l 
. JOy U^ <u^ ^"^^ UjLp i^ ^j^ycJl c, .. • .. '>■ T:i c ^ui^ j^^ 

• VV ^^^^ C^J^ "^^-^ '^^ <-^' *^^ '^' '^*^' "^^ ^ J^' ->' ''^^-^ 

(j^UajVl AlaiJ (^ijAjJl .^1 j-j ijjj-^L ^jm\}j j^ 1 oULll jl Jut U iJlAj 

J. c^e^Jl oIjUlI ^IJ Jp ^^ ^*b dUIl ^^, ^j . J^^^l ;kU t^3^l iiil-lj 

iL^ '^^b ^•iib (*>'J>* j^ c5*j) ^-^^ tcl^^l oll»^^ia^l iljS>c3 
4I*-jljr Jl^ ilaJUJl jj-uj «^^jl (_,* j.«i^l J^J . ^^ijJ^J ^I-Aj ^y <1^ ^ ^ (•-^J 

f^ljJl 0^ JUi;^! ^ JJJL *y IJL* ^j i;_J cJjJij aUll ^ U!>UJI 01 

.saip *^ ^'V U^jl2; u— >• LjL^ t^^^l ^ jil^l (^>i]l 

01 :6li*>« L. S^li tAp<»Vl Jl V-^^ ^'f^jAJ wl_pi i*Jill» ijb- jjji fjj^\ Ul 

<--«*jij ^u^i <ajjV jU^ jLp j_^ ^_^i) ,_,ji»iii jW^iii Sjji 01 iJL>- <jyy*i ctiuji ^^uu- 

dUJU . (^ \ • ^lJ a>,^>^^ i^jill ftJUfcj) <3i-jJl31 6/7j oU-ji 6 (^jL-J (SjU^l Jl 

^JaJu l» IJUj .^IjJl j_^ J^Uj i^rjJlJlj ci>-jjJl 5/7j SJLp-Ij O-ji ^^jLo A^^li 

. SJiip 12,82 tijLJ Jb-I_^l f l^ ;Jj^ i*J 



r>^ 



V0>^^ hj^j^^ ^^ jt^ 1^ o^ Cj^ <«* l4*Jai jJL:ij ^1 iiLil ^-A ii^l 

. Jl>-lj A^l j^*J^ 

. JbjisJ! ^ IJUo iM«j-M^l oLkJil ik?-^ J^ iaii iUlpVl 
: CjiJ! fll^l c.^^>- (^1 i Jlj^l ia^ Jl '<^\j l4Li «w— ^ cjLvaj oUjiJi CJlS'j 

,^^^^1 Ul iii^Lp-^l ^^wJ cJlS" (oL^I i->. Jl J^lj ^ j^) Vu JS\l oU^I 
c:^Ij>J| ^ o^ JJdP o^i^^' J* ^^ Crt' '-*-r^^ '^^ ' ^^^^^^ cr*-^ ^^^ 

oLp-^l oI^jUj; IoLio. U JUi (oUL^^^l ,_;^ SjOill AJt...JI i^i-^./!. iJ^^SLill 



^>' 






^^Ji> 


lwJi2)i :uJtJi 


U^l 


cAt 


A 


A 




A 


A 


A 


«.Ji2]| 




vn 




\» 


\» 


A,^n 


JjSli 




>N,i 


^ » 


\Y 


\Y 


A,^^ 


^liJI 




^Y',t 


\\ 


\t 


M 


VnY 


dJlUI 




\n 


U 


njp 


n 


^^,rY 


ci»;> 




Y» 


Y • 


Y. JPA 


Y. JPA 


\i,t 


^li-1 



r\Y 



rt 


r» 


T« 


t.J|T\ 


T.JITT 


r^^ 


^;,»UI 


t> 


tt 


r» 


t. jr. 


t. jjr. 


n 




? 


VT 


m 


.. ji. 


.. jjr. 


At 


^lillj 


iVV 


iVV 


Ll^V 


It Jl- 


n. Jli. 


iVV 


C^UM 



(T - V) ^j JjjO-I 

Ol ^>^ "y J^^J ^tij^J^^ oU3>* MJb ^jji d\ j^ N liJt o^^Ul liitj JLiJ 
cjiliit ^j^ Sij^Ul oUjJLuil ajIj^ y Ip ^yi^^ j-*J • ^^ Jj^ a-^o^ J^ ^S-p^ 



«-iLJI ,jii-L* (j.^'^' i^jJ' J-*^ bk^ i<>wsAJl J^ ^c-s^l^l UJLaj j^-liJ tJjLL* jj^ 



Ojij JaJljjLl *1jl>wL-.1 dj^ t ^ > • • 0-» J'j->" ^ li'Jk-^-Jl Ja-j^l Oj-jj-jJ SjUm-Jl 



r\r 



JajJ JL;>-L« ^^1 «:jli>jiai&) Ajj^^I oUL-ll ^^^iajJ ^yhj .^./awli villi ^ Ljijj«JL»«I*«u 

J^ ' Jj^' <Jbi^' -^ J' *r-^^ ^^j^' J^ <iSC«Vl ^tj^ JbJL>wJ oUL-ll aJL* 

^ jiLlJl ^J^ ^l^>-l -J^^ l^-^ ((iLLX^l 1^«>.J ^j oLL>^Iaj>cil oJLa ^^ i^j\jl\ 

- V) ^j JSUl Jp iiaj^lj .S^ «^^| gJL?-» ^ iLjc. iikj. ^j-^ Jr^Uill 

cf* cr^^^-J «— *L^ ^ V-r^^ ^'^^^ 4>ri t^t^' (•-=?^ ^^' ^"^ fl^-'' <y^ "~^^ 
^y c^-ij^*-^ -^ J^ <J* o^^^l (jj^) Uljiw-l tVjl 4 jl»ldl «JL* j^ ^ij • Vj*^^ 

(La Sonde) X>j^^ '^jij^ t5^^ •^•J^ ti-*^^ ^^^ C;?^ Jj^b • <^l* *LIsl?-I ^^i> ..^t^ 
U5lji oj--*^ j^ JU Ul . Oi*r^l Mti <^^' tr*^ •^'^ ch' *^^' c5^' A^j^' oriJ 

j^L-u- ^^ J-^'>J' -l»J^' JU-Ji 4 Jil orjJb jXlj tUaj! ^j^j^ ^_^j-«JJlj 

^1 Jj-L Ui" cX^I Jj-ij A-^^j JUiJl ^Lj^ V-t*^' j^ iii oV «-iiJij .jLj^j 



r^£ 




(t.V)^jJS^ 



r\« 



^y SijljJl ilajyi-l j-^Lp i>w» C*-ii UJ.«JLpI j^yJl oUli^Ml ^ Ji>»Jl jj .6j-,AP 

Oa>>:J.I ^Jb- ^j . 4...,.r -^Uai-Sf 4:.,.;>T,4 OJI^ Ja5l>l ^JLa dt ^y IJL$:jhj 

SjU»j Ia5l^ V'J^ iaSl^l aJlA tJjAi jj^J • «JL* «jl>^l ^\^ ^ 9-^ JS" Jji^J^ 
j»-PjJl Jp t i4l.^a.) tJl^^Vl u-^ 4>^J • frUa— ^ ^y^ I4 »->«« J JLii . AjjJ^ li5l^ M 

.jt^lo UJ ilSUdl jJliJl Jp Jaii iUlpVl ^y 

c/iHs _ r 

^ (compas) jl^^Jlj SU-JlI liL^^l OjJUjcl^-j ^1*^J^\ j-,ajJI ^y SjU^I Jlj U 

A^^l iJi^ jl5Cjj UK o^jj aij . t\4H\ JbJL^ ^j> ^^ ^jdl Uj>-LJl oljUi^l ^jp 
. Jx-ajdil qA^^ y^\ *J^ (j^ 4^^ Xp Jb-U ^^1 -ii 

JL^I ^y Ol ^ t^..^»ll «lUS ^ ij5j^ pLpj J^b 4W-,i»ll oj^Nl ij^j ^^-JL*j 
^^j .(«iL^I» Uut j_y*-«4 615" t^JJl) JI4JLI IJUb Jii J5-ii-l v-S"^! jr^i' Cr^»^ 



. j2;iJj-« *^1 jj^j-^l ^ iy 1 l-^i^j S^^l (_,:aaj 45U-M- iJlS" C^JL>fcL^I JJaJ (\) 
dilJb ^^. > ; .. : .. >^* 'Jj^ J^ *J^J A^ jW4"' ^^ aJLiU- .Jjsrjj ;>4^* «1>' lii^^ (t) 

io^^l 0J4J UJ ci^U jj^l^l «JU .iil-l ^y>s\y^ ry^ (jA (oJL^j L^^j) S^ Jp 

<^J^ ij>*^ >^" «j' •-;i)'' u^. •-^ u^-> • ^ •^i^ f^ o^-J C^J' •-^'•=* J^* o^ 



r^n 



t-d^^>«:J Uji:^ jI i^j— j <ua....JI JjUiJ Ux^ *^?^ *f=r^' ^j^' <-flw..<^ j^ ^\J \^^\ 



. 4JI i-^L ^Ua. 11 oL^I JbJL>«Ij 7M— ^ U IJlAj '^jJLl ^_^**-^l oli^Ml 




(l£-V) J5:-SJI 







liJL. jl4>JJ (^jLLl ^U^l Oj^. (I) 

li^ . ^_^U1I fll^^^b U-JJL.J v.,fl.,.ll Jp 

;?^jjb- 0^- c((U - V) j^j J5:JlJi >ji) 

L-mjJLi oJb-ljJl OUijU r}i^' ^y'-^j •^V' 

5JL>-lj 4-«*>Lp cljjJLi Oj-^ V jl i>^-«-i 

J^ jl) ;;.L..J1 :l.jX. Jp :lJMjlJLJ LJL^ 
- V) ^j JJLjlJI >JI) 4:. ^ ... 11 l^^j 

1^ 4^.tf..,.Jl 4i.i ^JU c)\l 4 4.J.U-W-II i^Ul 
AjjjA-i M 4-Ji Uu^XJJ >»Jb JXJLj 4^L«I 

Jl (I) ;Jbt| ^ ^^la-iu Ulu a-...LJi oljil 



(y 1 « V) j^j jcjsji 



r^v 



iJlA ^^ iiaiUJll iJ_^^— j^ JJLaj U ca..,J.JI ftUil a^ jt^^ S^^l j^b ^-s^j V'j^ 
^ jliiUl ObJU-t oJLrj J4» . (b iiUJU -bUL* 4\,a..M Asi jl^ JSCJi ^^^CJj 

t/^ t^ (^ <^^ -^a^' JL«-il «1>1 clJLi V . iJU»^l SfrU^l ijL^ ^Jui l^^tj 

?aJ.I 6jU)/ .^U- Jlj f^tki 34^ JiXJ llU 615- J* ^j 
^■■,,U;;\I Ji;!-! j^ gjUl) «^M,,U',;\I jjJbUl* ciUoij .i-UI dUl j^ ^ ^I^Vl 

^y L.I .S^>U tijU-l frU^I iLi c,..M>; jl . . .-^ Nl ;l*_^ c J j£^l <!)} ."ftLic* 

jx Jj^l) «... (i-V5ji ,r!*^ *^Jj-^ i^.*— jl ii^ iL-i ^j^ jl Aiijjct iU ^^ aj^p 



.^jj^\ JU-UI - JLJLlI Jp Ji ,J^\ l^j 
JUJJl 6l3^l Jp Jo; V 6^)11 o^ jU ISUi .(Jucill ^ iLi- ^j ISl Vl)^j.^l Ujil 

Oli^ tc-ujiJi A>-j Jp jJLp ^^LJl <l)yjl ^ JjVl t-ivaJl J*^ "^,/*^ -^ 



r^A 



. j^l Jl >J1 .Uilj jiVl Jl >J1 oU^l ^2;^ iUUJl ijljll ^Li - 
«A^L^S/|i» _< i»-jJ-- (oUl^ SJLp jl) <j^j^*^ iJL^ Jp /•->*^ o^ *->j « 

. c^U-LaII 4i^ ^jlp ^ i^jlwt ^1 ^ <j*yi jjju Sjlp c)| . oUUjj^ 

JL»-L. ^^1 y^j ^ (c-j*y^yk^Vij vv^^) ^j-jJ^i •j^^^i ju-*i--i jLijjv i«-^i 

j^ LiJLP UU ^JL^«X«J CJ15 i^b iJl^lj . jiVlj U -^ j^ J-HtfUJl fliJj^yi 

^Li] J-4JCL-J (5^*jj t^ ^j^) '^jj*^ j^ 'Srf^ cj jl j2;P (Barros) ^J*>yJ{ ^Jt^ 
(jl JJ jM 11* jiJ d fl ajA\ jL^^I ^r^ L- ciUi Jxi Jjk .^j..^.t.!i jlijjl 
JiCli (Celebi) ^ Ja* -liJ ?oLl^l VI <-u1j ^ JLi«i--j ^ a^L JJLi viJUi Jbo ^^^ 
(tij^b J^U j-jl oUJ>. jj^^ ^j-i ^ i^jJ jJfc c^-J^') Ja->JLI cjliS" ^ JiU 
(Hammer- JLl-^p jj-i j-*U l-^U5UI iJLfc ^y .•^ooY' ii^ <i^j^' oJLJL «— "jjiSH 
*JU^lj .(Princep) »-— Ijj J-i ^ ijj-i5CJ)fl Jl ^^ L^j tiJliSfl JJ Purgstall) 
Ol^ J.../iaTlL> ^^ o^j^J ' o-^' ^^"^^ «-*-/'>) l^j-i -^^^jj" J! ^Vl iJjfc 
. t^^l •jS'i li UJ - ^j ^jJU L-P- <) •.-JL^ jA jlf>o i-^U-l oUjJiiJl 

^U ...» :V^U ;>j.:2t11 <>»ljil flJLi-iM»Vl ^ c^Nl ^ ^tij^^ (JSC: J^j 

t^lll JL^jJl jj^ cij^lj) «... (oLJLi-l ikM»lj-. t^l) jlJI ^LJ ci!)U^ i^l^l 

<3jJL Uj . iy^j^ ^a^ OlXJU ^yLiJ-l fjij^\ li^\ ^jS^:l^ «--»VjV^S|Ij <4^ 
• t^"^ J^--^ (ji*^^ A* (J^ * 4--iiL)l Jp jJUj US' cjj^jI ^I c->L-iLill j^ 4 (^^1 



r\^ 



. tijiflb Jai^ jl JL>- iaji.S' iajUl jj-,a? SjJj-.^ t^ly f^^-^^l iJLft J^ liJ^ (*^'-H1 

jju US' _ SJLo-^l ^ ^ SI _ l>j-,aP ^y L.lJLi.1^1 J^\ cJlS' ^t yJrJt «Jla Jjp- 
. « . . . (c^lL^) j_^Uj c)^^ 61 jU-saJI oLlil-l ^j-ij . (j-^ (^AJl ftl^ 



ftU-l^ Olii-l i*-- "^^J uA (^-J^' c^< u* cr-^' c^' J*^ . . . » (T) 

L. iijb Lj- JL.J jj^Uill oU..,r> jLJCJl oL.t.i-l t^^^ 'W^b (JL—Jl h^j) 

4 






»(r) 




(0 . V) ^j J^l 

•Jl^J ^^,4^1 v^-^l J^ b;I ^) JULI J^ Jp (0 . V) ^j JXJJI ^^ t5y ^ 



rr 



^ Vju ti^lij iL-U ijjUl^ CjIjJL *^U»\| iaJa^ Ol <>5^l <>• <l)l^ . (oU-jUl 
d'//d 



^\- 



A 

b/b' 



jIJa 



ilj\4 



jC] 4 



ea h g f 






(n - V) ^j j^ii}\ 



(jdoi ^y^ 



dj^ d\ J1.VI ^ oir .j[^\ J^ v=^ U^ (1 - V) ^j ^\ J ^^ 

J5 4 AA^'^ ^Uil ^i'^C J1 iu_^--a^ Ij^ h^ji jSCJtJ ^ iL/j'^ ^^\ oU.^1 

oij tju^ljjl ii;\^ ^^ *J^j-* t^^'-* / *J^^ '* (J* ^y^j^j (*^^' *-^.j^ j^-—* U-!^ /♦— ^ 
oLJLitI) gd' J (i-w^l ol ,■■,:. i-l) hcj (o^^^JwiJl oLJiJ.1) ab' jL-jSf1 A--.^ 

ilLll jj^fl-^Jb >»;U.t..J li^J . iSj^^ W*^ (>" '■^^""^ CJlS" A-JLp- J^ 01 jJh >>,>■>■> Jl J 

y^ cF^'^^'j vL*^b ^J^^ •^•^ oU^I Al^\y^ i^U :Jj Ur L^jL^ l-^1jJ1 
j_p Jj^ (^'j uy»J^ A-* iJajLLdl ^jJjJl olS aod' j aocj aob' IjIjjJLI c U-w»1 
jj^jJlll jJl *— j^ i C-jLJ J^-iu bjJU: HjJlII 015" lilj c ajUoI <«Jjt jiXa.^ l4,va-»u 
JiL!Lll Jp Si_H-J^l -^J^' ^U^l (Jti iiilll .^-iiSGl 6^^ (^yb ^^ jjhj cbcd 
oLJti-l aju\j ^j (. J^^l 41*15 c U JL5-t ISl iljAjt ilLlI jl lij 5j^^ . i-— ll« j-P 
. ,_^*jJ» J^^ '^J-^ fjj-j^^ <jj^ ^-J^^^ ^^J ' (^U>' v^-*-^ UJl^l) ik^^l 
L«l . ^Ji jU Ufi:i!y^ Ojr*^ Z*^'"^' ^•-*-*J /H^*^' ^^J^ c>i*ijL«j« ^^j^IiLM^ Ap ^«_*^ jJj 
;jyJl ftjS"^ ^JUl ^J^y^\ Aiaij ^^ (*^J j'' >;UoS/l oli ^^l) S^^JwaJl oL-ii-l <ajIj 

uiUJJ .d' 4 US'. 11 ^ ^j^l o^ "^jr^^ oL-iJi-l oulj Jai; L^ tb' ikSJl ^y 



rY\ 



;kiJi ^ v^' v^^ t^jj b' :iUi)i ^ jjSli vi^^ja ^>Ji ci>li ^j ^. 

, a Jl e ^y ^^alZj g JJ f ^y :>Jlc JLii j^jJJl Ul .d' 

^LaJ oL-liLl ^ j^^l oVT JUxi-^l Jl UUJ>. jLil .^A^ o^jUt IjIj JUiJ 
^ <]T jj^i^ JiS'U Jii . UJJLI A^ UU jj^jUij *y Ja*^ oli ill ij>-j (j^'j^^ ^l 

^ Ul Ujl>^. |1 (^^Ij a^U j>il 6t \^V\ i^ JL. (Tibbets) ^j^ Ji^N JOJ 

^ SLucl-^ d\S -uL OjJL2i*i (jii:»-Ul jy ^^l d\ ^ t « JU5» Jl ^ jl « Jla^* Jl 

J_p- S^ d^rU ^1 JjL .i>!)UbU IjJU^ JSCjLj U IJuhj t«j^U50l» JJL. J--,AiiJl 
^ t^ ^t «w^ jjL>«jJl IJUb d\ i(Les Laquedives) (JU aj?^) oVUJi jj^ JjL^ 

. A4J^I ft JL^ ftiU *Ii M t <fl;JW» Jl Ajji i^ ^y JJ^I 

ttt-i'^jJa-^SlI iia-^ljj (_;--3» JUp-j f'^j' Jl •J^l c5^ ^^ ty (H^^^^^J . ft j . 1 *. t C^\ 
i C^b»-jjJL oLjlJb-J Jj Jb»-^ ;>i' J^' 'J'^ • i^W-J-^' i>* ?V*^ ■^•*^ 4jijL«-« <i:u^J 

JJLIS ^^ UsLlil ^LiJl <JT ^^ ^ ^'^j\xJ)l\ jl ^j-^>j j^iii toLJLill ;JL^Ij^ 



rrt 



ISI t4..Mft.t.il iLJl j2r* Jj^l fj?J^ -^-^ t>^ ^-«^ o^J -cii:^ ^(/^ ^-^J iU^-^lj 
^^^^JlJic-Vl SjiL. iS"^ <»«^ 4^_,-^l Jl ;L^L Ulyf jJC fj>c}\ Ol LJp 

.i>.j:^ 15 J jy^ c5J»J J-- '>r-iJ» t-^ £- ("iJliJ^' G^ c^i) ct^l J>. j^ 

. JU-I j^y /j^llJ! j^^i^Lj ^y Jd^t^l ^^ ^ Ojjr^l a* <Jj^' ^^P '-^ <^^J 

365 ^<...rtT.t jj^^l (1)1 clU^j 'jt'^ ^ ^*y^ *^-^ij^ <^U^I o\jjwi,/iti La iJLi 
Ojy oujt JtAi- Lyi; j^ Z^ jlXL^ jj^l ^^ Jj\l fjJl fJLiLjj .Sui^ L._^ 
Jxii f^SJl IJL^J ^^1 t^Jiil b\ .(^UJl 6>t3l Jl^ vy^' O^^ixyi <-i^ I* IJUhj) 

IjiJb- «iJLUIl pip ^ «ti^l 0UJ3II c-jUw»1» jl J^ j^kj .Syblliil flJlf] LpIj JL>-Lt 
25 A>-jjJl Jji IjJli* j»-jit *-• ^Iji-Vl iiP- J^ jjJUtf^ IjJlS* jJ U5 tjLjLpNl ;jyu 

/t^liJI ^.j^- ^y <>ey^l c5* ''"^^ -rf^' <^'-«^' C-^ ^^' ('^ "^^^^ *^^ 
15 jJUl <>yJl Ja^ Jp ^^^1 JU»I^ tjJLp ,_^Ut| 6^1 >-ljl ^ Lyj; ^^ 
ijiJL) jIj.»:Lm.U ^ja.->Jci\ ^^\ j-*j tJL>-L» ^yl 0^^ ol ^^--5" JUji^I ilLiAj .i>-ji 
oUiUl ^ t^LJ SjJLp ^j^ JJb Ik^ CiUUi jjUa; (1)1 .iiJDi Ji^V jJ tojU-Jl 
IoIjw- L. JU si tSybUiJi oJu v^l ^y wli^ a*-U ^\ J*>- t^Ull 0^1 ^ <^\Jtl\ 
^SJ^\ ^j . ii— J^ <irj^ >-tj jlL-Vl olijl oL J^l Jp |».fsA*u J^ U i3LA 
L« IJLaj tii-Jl ^^ ^jj *u|j jIJLa^ ^^r**^ jLL-S/1 oUj! ol Jj»-L* j^l 4_i^\^ 't5^ 

. U^pU^ jjjj *J"^h^>i\ Jp iJbJLr OU^ ^^^ 

rtr 



J^I t^Jill) ^1 Ji^ljil jLip'yi ;>. ii^lJ ?i^ ^^ Jp j<;^l j^^l IJiA flkiJt 
t jA^I ^yry, (>f^^ f!:*'*^ ''^ J^ * *^^J^^^' oU^^JLJil J^Li^ «.*-«J cJlS" 5^^U— Jl 

olij ill ^Jp ^y ojJLp jI i— ^ ^^ T'jl^fi ji*^^-^ Ci>l>tj^->.,./i" bL-ii Ll^ oj^I jiiJj 

iJjL2j« JUjj tSiJL^ ^./^ -^jJ*^ (J^ **^ c/^^ «^J^-=?*^1 Q^ U^ '^ «^ij t<A^LJl 

cJlS' *— «l^l us d\ j:>- tiw*-M-jil ?-^^l olijl A-:5 aJiA jlL-S/l oUjl cJlS'j 

.jlL-Vl oUjl Jp (JjJ 

Cjyu Jllil iak^l JL^L .IJLa*^ ^_^ p.. ^2:11 iJUh j^ i^Ul jUm-S/I Olij! itJL*: j2;SC!j 

JLi j:}\j MuUl iJub ^ LisIaJI i,,,,..7 jJ ^1 U>Jl1 oU-bll ^ jujuJI jLip^fl 
^y^\ ,jiuo ^y f^^i i^. Jli icUUi Jl iiU^/L . «^l jIp» ^Ull JJ ^_^ t^^jJ 
J>JlI <^,uilj JaJ^ aJoUII iUUb Jl- *4i ^j iOU^^Ij 015^1 ^ a-^Li- j*p ^ ^;^ 

. O.A-W;. .11 ol>tiL.,rt,a.U 

^jj lb\jij:>- AjIJLi ^ AjjjjJl A-^^^l i**— ^l ^^1 »w^ . Alji-Jl A-i j^ t^jJl f^Lil 
A-:b^l is^^JL^i-l SpA aJU-I iJUaiJi iaJl^l Jp Jb>J 4>>«ij • ,j-Ja*«Pl /c-jT < - a .. mT . * ^_^ 

flxjjJl 0^ (^5^— J • V-r^^ >^ A4>..dl ojiJl iiji^l ^ji-JI Lfr^^S^ (1)1 •— *^ (_5^lj fHj^' 

JX t«JjJi» jl ^^jy}^ USj) fj^J^\ ti<— iJ ^^1 ciDiS'j 4A^yJl A-J^^l A**-M-^l 

.(l^-^ juJI Jp OL^SlI j!5l ^ Jikf l^j cA^ ^1 Jp 

j...».\>....t / JjJjl - ^.Um.pI /fc^t Sjli j^ tjliJi S^ AjLji JLnJ t^y;^! (*— '^' '"^^iJ 

5^ ijc^b ^ Ji^'/<1^W J! jiJ^^/^J^^ oi^ b* ••'^^ (kUs^sH jI ^vi5^") aJj-^' 
. fl^^l ^^1 >-T» jl B^^l ^j-.lj» jl «^^l JjU SU-JlI i^>Jl Ajj^l ^^^l 



rri 



L^l oLJLdl _ n 

A^I^ ^^ tA-->.L*.\l iijJjJl J^ vluJbi-l j-sA«Jl ^y <J;>>*tJl oUJLulll SjLp JJj 

J.li jjh l^j Jail^L iOxJjil ^j U-^dl ^ SXjill oL*jJL*il JiJ iic.UL.1 ,j\^\ 
0^1 j!>U^ t5Jii4Jl Jaj>JLl ^ c-j^l uxp-tAil ^j^ szJ- «jJl^ jJl V-*^' oUJLidl 



^^1 jL^>)j y.juai Lui 

A3 jJl ^y JbJ^ ^^^1 Uijl li[ j>Jl ^ aJ jll IJL* jj-lA? jl k <JiJS\ ^y JbJl^ (1)1 

Jjl X^ LJC ^^>c-^lj Vjf jJLiil jLiL V^ 4(jb!-U ^>il j^ v_ :^ «^«JaiJl» jl) 

Jl bl;:.«»l ctJLlS j,jj . Jl-^jU iijlij iijy*^ ^^^ oUUijl jj>.LJ iixM-1^ t <i5or i*--»li4 
siJ^jk^ J ^UII j»jbl O^i c^JJ .oUl^li i-w^ oULII cJl^ /ill- bij UTj 

jjXji 1 «^JLJ .ijL^ ^jUm^j 4JLi Jl1-4 Vj <Jjl-?^ oJL- yr; ..nj i 4 iL j-W SJlij ^Ldl 
J5l> Jl/yL iillJb OJI^ JLii . i2JiJ ^yyJl ^Li Ml ^^1 dJJS JJ jUJl ilpUal^L 

u^ »jyA JjJaJ ^jij <-fct^ 4^ Jj-.Ai-lj c..fl.Al JUjc—I 6ji t>^J «^^J^1 ^Ji^^i^ 



rto 



W^J «^c>«>^ o:i u-i?J J^ J-^ cJl^ ^1 o^l A^^^l L-!)^ ^^^^L^J LJl 

^ i:*-^ ^2r^ /JL^ JLiJ JL>-Li ^1 Ul .Orji *^L^ ^ Jij lk>o ola^Vl ,UjU- 
!>Ui jj,a5:j L« ^^I <^yl-l ^j ^j*" -^ii *^ ^^***^ «Ij^*^I Ifi iai:*- Jo^ 4^-r^ J^— ^ 
^_^ 5^L>ij 4 4JL»-L- ^j^ tij^pwJl olijJaJl f^jji liJU- JLilj .cLib»-ji cIj^ ^j^ 

•L^L iLAM» ^p«-J :«Ua4 Lt JU jj M^liJLiJU L^ ^\ SjJLaLI oliUil ^ ^y 
^Ijjt Oojl oL-ui j_}l J-sAj t)l Ji JlJ-1 (j^ljj iai--^ ^ {^jJL\\ ^j^l) Vj^' 

ftUL :l;u iLi-. ^^j . . .((V . V) ^j jslUi >:l) oVuJi j^ ^>ij-i JU-i 

JJ^>1 ^ j^l jl^l iuujl Jbu Jp JJ^)/lj (^ytJl ^yM) c-.>Jl j^ ^^. 

^iiJai U JiS\ UlJ 28/7 C-^icki JLi iJ^* ^V4...J1 0^" dUJbj . cMy ^ <JjI» 

. . .Uj 117 ^ *SyJtl\ U^uJj 



i^^l t\^\ b\ . 4::-^V i^ 4J b^jJi Jj UJ 3j>-- UiSOj ^U ^Jaill IjLa 01 
^_^l) oVliJI yj^r »<^l-i (>• f'jjl *~J <*l-^ Jl ^^ ^ ■ j 't M . l l J-^ji (<yj-^l Vj-^') 
L»l . (U--^l 12 (_5jL-j Jfl.2.M>4 ^^ t)i t-ijxi US' ajL^I 4. fti- t^jl— 11 l^-s^jp ti^ 

<>' o^* (t^j^ J^ -^^ cH' Jt* *-*^ cT^j) 6/8 J^ J*- >P V^' ^.ji-Jl fll^l 
yLp iL- JjVl v.. a.. .11 l^iAlai 4^1 ^iLII (^jLj .5/7 pJ^L hrtT>,-... UjiCJj . JJLS^I 

cOLtlj ftjJii JjUj (^i cLttj jJLp 2LjUj oliJl A\X 11 I^twW? ^1 oUIl ^^jLJj Ulj 

oUlI <«J J^ JL9-U j^l J-^ c/^-' * oUy A^ VJjb^-l Ji j^ryft.nll 61 ^JUJI >t>« 
2x7x2/7 = 28/ <i^ 0^ 7 JJ 2 ^LmJ c,...-4 ^l^ iJliJl iLiLJl l^i*lai ^_^l v^^V 

.fljjU^l7 



rn 




(V - V) ^j jsaji 



rtv 



4JL!L]I icLjLJI jL^ L^ j^ L^L^I ^.M^ ljL>-ji» /»J ^0^^ Ji^Lci aJUlII a\^ a.»Jl 
4i^I-Jl jL^ U^ Jl LO-^I jt K126- 10= 116j 2x7x5/7=10 J 18-16 = 2 

. 116 > J-^l>^ (4 4^1) 14 ^yu^ (112 4^1) JjSfl 



jjjL-^ aS'jIJJiI i*-uJl jjhj 117 ^J\ Jp J^^-^ajtl iLL^ j-iJ Ol (!)Ml UJIp ^^^ 
iiJJS j4^\ Ui" 112 + 4 = 116 iw4j tAj t^jU; JjVl oULl i^ ^j .^_^ Uj 

Jp ?6 ^y '^yjb 7 u-I^ Jli c5JL)l jtM.bJl JJ ^y lla>. ^y^ ^-U IJlA Ja . J>LJl c-^U-l 



:L.w> i^^y^ JUpI ^Ijj v^^^^^J J-^* Jt^^ lP^' p^UJl iJufc coVLDl 
^1 j;5^j -^^liJl CjiuM Jt>U- I4J1 j-.^j c>:...i..,.j i^^ji O^j i3lu <3jp JLil ,3L::>'Ml 



.olk^l 



t\J\ ii\ tit ci^Ui-Sfl fl^jt c-,--:^ aJ j^- cJl^ o-::Ail b\ ^Sll 11* v Jt^>. tJL^rl- 
^ tJi^L. jj*y Uj cdUi ^JL4 01^ -o^^l Cjj <> ■J^>- "^ ^^^ -^ <^^ ^^^^i^-^l 
^^\ 6l^L 5jlp- ^ y-Ml ^1 ^ ^^1 ;ili^l :b>>^l t5>Jl Jp y-Sfl ^1 
J^ Jp ^^^ jjhj 4l>u Yio J^l II* jIp ji-i .(^- J^ j\) OL^ ^ ,^j 
. ((A . V) ^j J5LUI >;i) t^jlJbr j^U ji aJ^ ^ yJlj t a. ^liijil Ukll 

<l>jS^ il.->*i '>^1 <y 1-VH J^-^ y^l >**?^l u5* V/*-^' 9■^J»\J^\ AA^J d[ 

. JjUil J^Ul <^ ^ j^jJl JJjj tciyJl J^LJl 44*- j>« J*j*3l j-iS" apU 



rtA 



11 



gUlW ^ 







* > 
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^\ ^'"*'\^ 
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fW \ 
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r.J« 
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f-aoo 






u-iSC;- _ _ 




\ 




f \ 


cW 






/^ 


«*' 


o 


r<N 






</^ 



gU* 



w^ 



fij;1 » \ 



«5Uj 



.. ? 




to* JO 



jUUS 



bU- 



I6«ji(j4 > 



IPi 



rt^ 



y^J\ t JU-JJI tUl y-Vl j>nJ} (-AjUrl '■y^ idj\..nai tUUS ^ SjUJi j^j 
Jjiij ^j] J5CJ^ tL^ l^ ^^- o>-Jl ji»Uil iN cilSij . iuyJl ^^1 jJJl Jp 
^JJ ^1 qL^I 01 t^S Jl iiUyLj . iJUt l^ixJil cJli" ^ ,_^ Jw>Vl ^^.ji^ 
Jil L>L:r iAiljJl ^LJI dj^ Uj;^ t V^^' (> oL-l5C^V UU ^-^ '^U-i ^>LJI 
oUUljl jA jJS^\ ^^^kiu JL>-L« ^^1 Jjc>- t^JLIl ^_---Jl yb 11* Jjk) L^sUlitl ^ LU; 

IjiU ^1 J2JU V UJ 4 jUJtJl ftUL y^Sfl ^1 jllit ^1 Aij^\ J>Jl Jp f_p^l 
^^JCu t^fl.JT ^j^j . (^^^JtaiJl i*J>«Jl ^ jL^Vl t tf.,<?ij /yU^i ^W'x* Ji^lxj Lt (^1) l^jij 

jlLU <LUJ1 JUpSIi"^- (a . V) ^j J5CU1 Jp iiae>l) ?J>Jl 6JL* Jp J^l 

SUaiilj in^JtoJll SjjUdi JJ>w^l jj^ VI J-ji j^;^ V •^--P- <iJLUi Jj^ (^;--JU ^^!) 

dl Lip /L> cJ>>JI JLi a-..a.Ji ol JlUI ^I lit* •<J^^^ Ij^^J c>^^ M^ 

c-^«*^ jil-1 i 4.,rtt j] vlJj j! ^j jIJLLw c-»jjLiJ| i^^J ^p*J J:^^ dJLlSj . . .1^^ 
. ^}AJli\ <lJLiiJl jisldl JP IJUu JJ--JI iJLjJl flJLfc J^Jjj . Aj»-U-1 

4J..Ll.M*j 4|_^j^l J^-LmJI jUa,>-1 4Ul>«I>t i^jjJ^I _^>«J jc^ J^fli«*>.'l OJlS* (JL^Jkj 

cAijLjJl Ol^j .o!^^»«^ ^ j\ c,i>jj>- ^y ojLil ijl ajJj Oj^ jULU iLUJI (jL4^SlL 
JliJi j^r ^t^lj-i Jl {J-^y <i^ ^^r^ Jij^ "^ ^b ^^ 4/* A-/»^lj 

^y ;;:-^ULJ uiiiSi c-^ ^^1 ^J;JLJl oLj^jli >-TS^j tSjUJi ^iji 4_^i i^^waJi 

»«-o-«j tJL>-L» ^1^1 ^^.vAP ^ S^)fl Jlfd^ «r^-H -^j^J *.r^ J>H '-^ J^ .^S/1 ^p^l 

. Ol:^\l ^bjl V-^ ;^!>aU 



^^ 



: iJUl ^jS/1 i^UJl Jp ^JLi: (1)1 L-L. jjui 

AP-j Jp cLUiS" ^yfcj 4l^Li^ iijjA* ^j^l viUi Jp ^j^l oUjb-l cJl^ (\) 
j^J U-UJl SJL^^i oUjl^)H ^y^j ^^yt^ U\yi^^\ oU\Jb-)ll Ul .vi>»^< 

SjUJi ^^yjA s^ cJi^j .ifUJ !>; f^i Ml ^yJi SjUJl fju;.i--i ^ (Y) 

^IJJI plk«Jl ^Ul J^ l^ ^. ^^1 '^j\^\ 5/lJJl cJlS'j) v^ (jw^l ui*^V^ 
o1l>JI Ai^l i»>itl Jp ;:^!iULl (^1^ OlAii JLiP ^, j^»,,.7 couJaJL i3l^j:^Ml 

• f>?4^^ u"^^ ^^J^ 'Jb*^ ^^r?"-^ ' (S-^^ 
^J\ Jp cfjJl ^^::^ c-^ cJlJ U SjUJl l^JL:;c-u. ^1 iJU^l ^LjSlI 01 (D 
. (Ij-iS* ilj::it aJ c::jLLJ-1 0| ij) ^_^jl tij^j^ i^f^j* C^ cj* * *r«J^^ oLiiadi! ^v^ 

.Oj^JLi^l SjUmJl I^jl;.!-^ (jls" ^1 jJl^l jXt; SiUj ii^^-*^ U:^ li^j^j 

oL^jVl oLj ^Jlpj j^LiJl oVV ijj^l OJJI fJLP t^Lp ^iUl jjiJI \x^\j\ ^J 

ftJL* Jp L^U-4 v^ (-5^' ^Jj-^' oUi->.-^l OlJiij oVS/l ftJu I^JLp ^jJ (^I 

.(^1 ... t^^l jL^l) oUllaJl 

tjUJi Jul ^ o-:)UiJ jH^j^ i/ Sj^i ^"^i* y*^ (H^ ^ t^J^ v^ 

^.-fij-^ cl^ CJI^ ^_^l iia-j-Jl J5L-.^I p^ cJK j^I Sj^-i^l ^^y>*iJl jj-iOlJ d\ 
Jjj-J.1 d\jj\ J^ •-r'>=f^' c^' (®* pratico) iU^ d^iiUj #jJI ^yL?- JjJLm.^1 Jlj U) 

^ SjU^l lOJL^ JLiJ) ^l^\ ii^ c^ (}^>lj W^l ^ Y c^-J^*^ "^ oL-LJL jM— ; 
J^ . (SjJusaII vi^LpUjjVI (_^l^ J^ *j-^^ jL-^1 ^^ iitU mj^U- ^ oljJu 3j»-j 

6j^^-,.a5fc 4j|j^l UjjJl APj-kjf CJI? \i5Uj .lOb •ill Jl j^ t^ je- N» : JLarU ^;^1 
<±^JL4 JS 4jt (<JLJ.I aJLa Jj>- dJUoj i^jbj (ftjL><Jl .^M JLij .|JL>- J^.^ JLki ^ 



rr^ 



yLi^fl ilU-l ( W . V) ^j JXjJI ^p> ^s? -a U^l ^^ t5>t 5_*.^ aJIjjJI 
Ot (>^^ . '(Jj^^ -J^JH ^ <«^l <^J^J Jy^' ♦^J^J J^ c i*>dl j^ d-e- ^^yj 



u^J 



v^i is-^i 






\\ 



■J\ l\ \i\t-= \ V'.W'^- 

J — b \ n \ \ \ \\ ^ 



^ 



V3» 



^uSli vWi tpjl 



(5 _ V) ^j jj:aIi 



rrY 




^N^^ 



IJiVl 



(^._V)^jJSltJI 



^jljij '-sj^^ c*^ ^l* ixr^J!^^ (j^UjjVl ^1jl>»1m«I Lol . itlL id LjL^ L^ '-^j-^j^ 
JiJ ci..^JL.j t^jljJl JiLj V^ jJ>>i\ ij^>l IJi^ oSf ciUij . au iL.j >^ ^ 

<--«jj ;j\i«j>«iU ii^^iJLil f'LijjVl ?*->»-,aj Sjjj-^ LpIj (jlS" 4Jl iilSj ♦ jia;ll ^ ^S.jl'^- 

. ^LiJl cJj A3y j! c-JaiJi c^ ^^Uil j»^l ai^ IS! ^^LiJl jw»l» : J^l* ^^1 



t«^.w (IS\jLm')I\ ji»bll ^ t/^j) r-^^' U^>^ -^^ ^ "^^^ c5r-^' oLiJl jl 
tjlj^l iSy^^ i/" '^^ jr^^ (•-^' f^>^ ^^ }^ ^^ '^ij^^* -^-ri ^(!^'->^' <-** 
_^ . UJUsjj j_^jI f j^ Ol-JJ i*^lj tij^l «_,Ja^' ^ ' JLs^JjJl J^ (.5t^ J^^ 
;j o ./lt." (^I iujjJl i-^— ^1 rWjJ^ S^^ J!Ap- (a Paon) ^ ^...tl - I JU^^ tAl* ^^^^ 
^>^ ^ ^ J u-») ^>.^>JI £j3 :^^ ^Ij3^< L.I .^^1 L^ jliu ^^! iJ!5U 
<3j*iJl ip^^*jf ^y *— • J 1 J '(jt^^ c-»JiJl) (ji^l ^>*jf c5* J J -* t(j^«-s<>Vl «-->jJl 



^ ^j\jc3 t^^l UUapl ^^1 oUUjVl ^ ;^j ,j^\ >T- J-4«Jlj c(Centaure) 
i«rl^ U^J -f-P*^' H-jA ^i^L*I^ ioJlj j^^iaju *y A^UJl^ 4j4i JL>-Li ^^1 \j\ 

0! jlju t^^U«Jl ^Jj^ JU^i ^li j^-JS; Jl Uj c5^3?- Li IJLaj .aj Lui (^JUl Ji>«i3l 

jJu^SlI t-jJlII l^yJr (^ C^-^y^^ T-^J <il ^^5^^) f>=r^^ t>* r|jj^ *-*^ ("^ V^ 
(H— - j^> >-l^ ^JJJ ^' - ^^jJ' JL-^JJ ai->L-^' 2.-^J ^^ j^' V-^^ ^^JJ 

.(jbu UJ iL>Jl -Jla ^ytJL--) ui^u^l c^Jb^l Jl v-^L c--ii jj tSlU-i 19** JJ 
•-^^ oi^ vJL-V UJ' 01^ lib 4vt>+< {[^J^^J f>^^' ^U^^ 

j[ . \J^ SjiU 4 ajjLjp-I ^Ml Jult i«J IfJ D^j 45° ^y yw»I jV^I ^^JlA Jb-l I4J 
jo.,;r:. . JuJ-l - \j jJ^\ w-^Jdl . J : iJU-l .JL^J <4ja; ^sj^\ Jill y^ «^^l i>ll» 
A. j .».^.ijH ?*jjJt oj;l» ^_^ ojl^ 7^^ (J^*^ >*^ • c^-rr^ oLj-**-.^ r.-^-r'' ^'^ ^IJi*!*-*! 
ij.yj| U---^l jojl S> ^^ ^iS'j 4 VU-i 14°; 30' jl9° ^yJl ^^j^ ^2;-. ii^> 
4^-^l ^-U ^j\J>^ t^Lill ^ Ikll ^j .SlU-i 24°j 18° ^^1 ^j^ ^ 
jjip JUU .li>^ ^LiJl Jjot I. IJL*j 4l°; 30' Jl J-/^ ^_^ 20' jjUi. d\ j^ 



m 



(l^\^ ^ W iJL*i j*^ jjU i^tAi- j^. ^1) iiJL. ji jU-Sfi ^y jyi^i iJLA ^ 

4-.ljjJl j>.i^- l^l>J l^j ;(Y)j (>) Oi:JU.l ^ ge>. ^ IJUtl DJLA (r) 
i-JjJ A-^^ AJL-il oJLa jl>-L. ^1 J4 . '^ jl^Jl JtA^ iiilS j^^ jS : jjcaj>^1 j*j 
. »-ijjA^ jL«*^ Jij Jflj^^l iJlA Ji-b jliil *^l -^^/^ tl.^^itj 

. Ljjij apL-« SjJLp ^^^ljI jliu <**ij MijjMl (Jp -^-A^j- ^ j U i.. . /iT tJjJJLI i>»-:J . Ljjii 

25° Jp Ifs^y^ Jbji ^1 jlsbll ^y iJbl ^^1 IjJLs^ji ^ L-^yJl ojUJi ^j . (.bJlJl 
c-«^L^ JU^ ^UL! f^l 11* 01 .((\ ^ - V) ^j JSLlJl >J!) L^^ j! NU-i 












I (D I 1' , ® , ^ 



CjujL^ j-p l> h2 J hi t JlJb^l j^^U- cy ii^ (J 015"^! jUUlj^Vl 



rrd 



jl ^j^>^l ^ t« r-jjJ iiji^l fUjj*^l j.M^ o^j*^^ jt^ UjLip :ftl:jtj« L« J_^ ^jI 
^P^NI ^l3>-l j^ ijuj LjL^ ^Vl ^^1 lift dj^^ 4«JLJ5il» j»^l dLjJi ^UJjI 
U--> (j^jjiJI jJJ (iUaJ j^^ il 4jj^j • J^^ ^r^l jl'J^ Vj^^^ Vj'i^' '^jt^J ^-^ 

^jjj i^U-l .ilL-j ^_,-kDl j,^L i^ULl oL-LiJl ^ J^l^ ^j^jUl dl(\) 

015') ^j^l oL^Lj ^rr-^1 -J^^^ ciJUSj t(jJw?Vl «-»JLil ipj-*4 ^^ rj t-») ^JlijjLll 

VjL:*- jUi Jii Uj-SSl! c-jjJl) <jiucJl <^y^ <y J J -* rJ^^ 0:ri-^ tlht^j^' TjJ il«i 
L^\^j ilJL*j JLl^ tikj^l J^ (•— '^b ^r^JLiJl iL^jS/l ^;^ ybdl OlS" . e j j-j L« <J 

Uli Jsj**^l >Cs^jJl tl->li j-aJill jj>- P-LtL^L) (jl_^X«JLl jj>'J JaJLJ'X* <^y>- (j-^a^ L*^ 

dlli^ 015 U5 t ^Likil aIa ^y oyJl :b-^i jAka:i Jp I I* O^JL. Ja . (;iai^l Jp 

Jp ;JUl Jl O^Uaj 1^1^ ^y^\ af-^\ Ol jjP ?jU-iJl «U^L oJbr jL-ij ^aU (3^ 
t <JL>-LJl AjjJ^I (3j^^ (^"*^1 <J^ ' Jl>-U ^^I «-« UjjcJi JLilj . iiJLlit <i_7^*J iij^ 

^j vi^JL4 01^ U^ liiLiJl aj^>*JI oljLdl «-s^Utl tjUJi a^^U Ol^* ^^1)1 ujIJLJL 
•>r*j j4^ j^' ^'^^ (>* ^y 4Lfi*p <U3 S^^iaiJ-l s_^5U)l bUI ^ ^(Cambay) ^^^-^ 

. 20' c^JUij V tla>«j (Mambone-Chiluan) 6l_>A^ Oj^ (i>*-^ J! W^^jd ^ 



>*J Jl bbu-l tJL>-U ^1 l^ i»li ^1 oU-UJj^fl oL-»Li aSju JLp Jp jj>o (Y) 

fUJj^y tijL-ui <;1 : ^U- J^5^ ^Ujla!>U j^ oUUJjVI aJu jl^I jl . UL^l a^l 
4jcijjL»«jL« jj^iJIjj Oi'^'ijO (3^^>i ^ l>Ji-ftj ./«-;-s^VI /*-»jj /*-j*-^l 4ji_w» />jI-JI S-JaXll 
oUUj .U^jU: <> ocLJLAjdl tSfU-i 16°36' J 16°33' ui.t.>>.J.II Ol.,li«7 acL\jcj^j 

^^ 05 f^UiA^y 1^ Oj^li Jij t^JU-l ia:l^l Jp ^Ij ^ 01511 lift) «OL-jiJl» 
^ SjUiJl ^jjj j^LsoiJl J.p Jill ^w^ i} kjLs' (j-^lil-1 Ojiil ^y iSJj J-^ ©JbJl^ 



m 



u\>^ 



^ f.^J/>\^ JSLiu JJL-LdI \^./ia\i JSIJ^ tSyUdil o%.UJ1j oUIjjJI •!» 01 

Jlj>- t^JLl^l iaj^Jil ^ Aj*yJl 4->.^l iJjUil ^;^ A*5lji iJ^l •jj-/' c*^ "^^ U^^^^ 
jUil^lj J-l^j p-La?-^* ^J^jh <^' tt-^LfllJl; a^l UjJil US' t(j%tp-LJl jjp j^jLj 

vJjLjJl ^j^ . A—lj i^k" ^,>4>J^ U-^Iji* i^L** ^^1 4JLLJI oUuL^I JiCi:? V 

^•oLUxJ! j^^» ^ Oi->^' ui^^ r^^^ o^ '^j^" Oi-^' 
^ ^^1 Jp l^y.JUL- Jp LJU; jeJLUl (>VI ^ hj- p\ L-^Ji^I jl^ ^j) ^^^Ij 

U.4^1^ 4>* (^j^^ (J^ ' <^^L»J ^-^' c**-^ ^ V^ • ^1 Vy ' ^-*4^^ c/^^ ^-*x,^ 
.<M*ljJiJl oJl* 4J JLfJtJ jJjJl j2^i:^l ^ J^^ /ulj . lUtJ cCa^aJUJIs 



rxs 






^*^Ji\sJ.jiji> .jj\iji 



j^Ua. ik^.!^ J^l (J\:j^\ tl^ljdJ <^15C*JI yfc (jj}\ iiSj^\ tx^' -^^^ '-^^ 
obl^i;>-lj oUljJb «^b; ^ ii^AjJJ y^p jliJl OyiJl ^^ ciil^^l ^ il^j^ tirfjp 

d\ Jl SjLi)ll jOiij . xlliW \lfk oLw JbJL>^ Liir bJLP L^ «iiLJ b:iJ cjU^Vl 
fjj^ U:Li JUlidl lift 015" Jii . ajj^ «-*>>"ti ^^>**-^ -i^^ -^ ^j*^' ^j-^1 ^y ^;Jt^! 

* * k. * 

SjAUJI ej-:^ j^ iii>- JLJ ol,.l'J...ll ^ \jS bJlP l)^ ^^rf^J^I ^yA'W U^^j .Jaii 

^ t4-^U- oU-ld c--::S' ^j^ lf:.j,^U! ^y ^ olJUiiJil olftj .(Geniza du Caire) 
;>• iijP ^ S^^j^ cJlS" J-.<» Ml ^ •Jr^'b * u^J^' (>• •jr^ '^^ <^^ -*^ viuL^I 



. '^yr^, i— U- j> ill-! (♦) 

Bernard Raphael Goldstein: «The Survival of Arabic Astronomy in Hebrew,» Journal ( ^ ) 
for the History of Arabic Science, vol. 3, no. 1 (Spring 1979), pp. 31 - 39, and «Scientific 
Traditions in Late Medieval Jewish Communities,» in: Gilbert Dahan, ed., Les Juifs au regard 
de Vhistoire: Melanges en I'honneur de Bemhard Blumenkranz (Paris: Picard, 1985). 
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^ U SJLuii S^l Jl Jb^U JLI-^ cJJI ^_^ Jl^^ Jl>-j JLiJj JjLjI il^JL^ i ^^^JaJl 
oLiSCll ^1 4.V.».tll ipj-4->JLl eJuh J-il j»J LaJLl^ iiJJSj tj.t..P >«-MrfLlJlj ^LJl jj^j-aJl 

C*^ ^Hj-*J^ (j^J-^ Ut^'J --W^^J^' j-oAjJl ^^ ^J-J^J cJli* ^1 ^jl«-Jl /i^^ Jlc 
Aj^^L (Sjfi^ij 4*jyJli AJjJlll ^j/>_^*/alll (j,<i*j {Jl <^U<^1 t(^^^l ti^^L 

p-Lj-jiJl ^ ^^y-^ ^Jj^ J-^ c5j-=^' Lm3j-saJ jl>«J LiiCJ cL-^L^I L«UjLftl <wJaJlj 
tciUS J[ '^\^\ . yLp *---dl j^l ^ c(E. Renan) OlJ^j -Ij (M. Steinschneider) 

Ll^ ^1 u->l::^ ipyiil aj^^I ci»L?:«yJI ^ a>— J iLa ^j^ ^I ^^^ioJ- illi* JJ SjLiVl 

^ oL-IjJlU L-LxI JtA5Llj OLjUSOl jlJu jLS' Jiii -^ij^l Jl ^hj^' <>^ ^^ 
.1* ^ J^ U-J 4LjI VI /'^Ja-^jJl ^^so^l ^ ciUUJl jJLpj oU^L^I JU 

•c^^V' ^r^l Jsljl Jl A-.^l :uJL)l iULUJI ^ ^ i_^l :l^L^ pjJI :>jju 
i-^LjJ yLp jWI iD^I ^j ^\^\o '^ j>l) <UULi U ^ S^ JU-l ^ U5 
^ ijiVl j-^iiJ cJli' ^2ri-iJl ti<^>*^l jijdJl ^^^ (^jJ yL-jj ^JLJL ^UjLfcVl Iju 

^ aJLj (.t.:>-Lj Jjlj . AjjjjJl ^j./j'.U C^Ls^y Jl A>-Uo ^>frJl <=-V3Jh DlS'j . Aj^y-jJl 

jWl j^O Jjl-i^l l>j^ fUl^t ol5 oUi»L^lj cUUUJl ^ ^ oUjJL^ 



Solomon Dob Fritz Goitein, A Mediterranean Society: the Jewish l^-UJl <.ly.j^\ 6y>- (T) 

Communities of the Arab World as Portrayed in the Documents of the Cairo Geniza (Berkeley, 

Calif.: University of California Press, 1967-), vol. 1, pp. 1 - 28. 

Moritz Steinschneider, Die Hebrdischen Ubersetzungen (Berlin: [n. pb.], 1983), and E. (f) 

Renan, «Les Ecrivains juifs franpais du XIV* siecle,» dans: Histoire litteraire de la France, 

38 vols. (Paris: Imprimcrie nationale, 1733 - 1944), vol. 31. 

B. Richler, ((Manuscripts of Avicenna's Kanon in Hebrew Translation,)) Koroth, vol. 8(0 

(1982), pp. 145 - 168. 

Steinschneider, Ibid., pp. 506 and 523. (o) 

Institute for Microfilmed Hebrew MSS, the National :^^ VL^ jiS\ oLtjJi^L l^^'^ 

Library, Jerusalem. 

Fuat Sezgin, Geschichte des Arabischen Schrifttiuns. 8 vols. (Leiden: E. J. Brill, '.j )a '*\ (1) 

1967 - 1982), vol 6: Astronomic, pp. 127 - 129 
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jUjJl ^1 Jl 'Q>-}\ cy ^.^ ti^Ull oJiA j^ ^ j_^j .LrLJlJ^l ^ old! 

i*5UJl aJUb v,a.^; Mj jliJl iUl JLJj . ^ i5^*>Lil A--.U1I d)^! c)Lj1 ij^^l J| j»Jry 
JLl« 5j.aLll jLipMI <joo IJLp-I cJjJaJl ia^ jij t^j.>»Jl ^Ij^ ^t>«-^ *^^j^ 'Wj^ 
«-• iljllll ^j->»^' J>1» Ja^ •■^kj J'J'-^^ (_5-* Sj-^LJ^Ij) ftj-AP ij^'-^J o*'j : ft t ^ » j^3 
c^y^l Ja^ t^I iJUJi V'*^^' ^' .SiLjJl oJL^ pJLp Jp ^^j^-J-U. Ol^j ^cJjJl 

.(aUIj ^Li ^ ^1 Uip) pJkiJi ^ iJiiJij jjMi 



."j| UjU^^H ^jULa ^2;5C] . oljjJl aJbJL^ f-Ua^Ml aJLa OJb JL»j lOUc^l ^ ^.mJJIj 
iJufc \^i>lat ^\ iiJb^l Jp-ljll ^^ ^•-•--J c C W-o- ^^i Aj^^ij 'Srij^b V^Jt^' 

t^JJl) (alpha) Ull uieUjJl ^jii>l ^ m.1 ^ gJU Ua^l IJL* 01 .(((^>l) JjVl 
^LJl jj^ Oi H w(i ie:>J^I i^l Jl*j t^JJO (delta) liJ^j (\ LiJoJl i*^l Jl*j 
UjJU (^y«Jl A.*--! /.-^J J^ ^J^ <J*^^ -'^J .Jb-lj J^*li ui*j^' oi*^ <Jjr^ '^^ 
ifljjLJl aJlA *-:il Jlij tfrU-*.b^J <ij^ <^y <-^ *^jJ^ t/* <J*^1 ^ ^Hj^ *-*^^ 

^iSll J-^1 Jp j.,r?:3i| ^_^k--<jJl <Jjj^l ^ AljliJi f >>*Ji Aii>*J »U-^I ^yai^ U-i 

. * 4.ljal>»* 5JbJL:>- iU^jl JJ ,V.T,...i Nj i<;?'jl3lS' 



Abraham bar Hiyya ha-Nasi, La Obra enciclopedica; yesodi ha-tebund u-migdal (V) 

haimund, de Abraham bar Hiyya ha-Bargeloni, Ed. critica con tradiicci6n, pr61ogo y notas, por 

Jose M'. Millas VaUicrosa (Madrid: [n. pb.]. 1952). 

Abraham bar Hiiyya ha-Nasi, La Obra Sefer Hesbon mahlekot ha-kokabim (Libro del (A) 

cdlculo de los movimientos de los astros), Ed. critica, con traduccion, introd. y notas por Jose 

M*^. Millas VaUicrosa ([Barcelona]: Consejo Superior de Investigaciones Cientificas, Instituto 

Arias Montano, 1959). 

Paul Kunitzsch, Der Almagest: Die Syntaxis Mathematica des Claudius Ptolemdus in {K) 

Arabisch - lateinischer Oberlieferung (Wiesbaden: Otto Harrassowitz, 1974). 

Bernard Raphael Goldstein, «Star Lists in Hcbrew,» Centaums. vol. 28 (1985), pp. 185-208. (^ •) 
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^^^ ^bJl 0^1 Jl JiUJl J^Vl j_;^l <Jl /U^ii^ Lji UL^I ^ ^^ji ti-J^' 

^jni ^La dJLii Ji UL^i . ^jji^ ^ • ♦ • fUJi Jl sjjUj ij>jcjk i^jS' « VW-^I 

ti!>LJJ ^UJI dy}\ J UU-1 ^ ^1 ;y\<sS Jl b\S ciJUSlI ^U^-JU i^^L 

jsLijj .(,.\ >nv (.UJi ^ ^^-j l;u.i j ^\j\ ^m ij^ ^ ^ug ji ^jji>i 

JjSfl ^LXUJI i..jjil d1 jJ-^^ }^^^;ju:;^\ ^UI 0^1 J5ljlj ^liil <D>U! >ljl 

ciUjU ^ ^1 J.I ^^ 01 .li-V VI JU^I S\J^\ jOp Jp iy>L, ^1 ^\ o^'^ 
;k^l^ dLljj i^iJLLfJl j^UaJJ L-liUjl JXjLi ^ j....d?l i^U^L U^b JJKi; 1 
iiL*]> : oLim L» ALJ^jj oJili ^ Ijjp j^ k^^ Jijj . aJUjJI <**.jjJlI (3ji»j C--JL-1 
\j>ly c-^ 4^_^l jT^ JU^t <A^\ tcULUilj iw-Oifll j_^JU^ ^ <:lyl ^^r- ^>r^ j^' /^^ 

Vj^ l^jiLj* JL>-I SjJch^ S*^ ^>*^JJ ^;»At2* ui^^i^ IIjuI r-J-^' ^J * i>* jj',^*'^ <Jj^'^ 



Heinrich Suter, Z>je Astronomischen Tafeln des Muhammed Ibn Musd al-Khwdrizmi in (\\) 

der Bearbeitung des Maslama Ibn Ahmed al-MadjrM und der latein, t^bersetzung des Athelhard 

von Bath auf gnin der vorarbdten von A. Bj6mbo imd R. Besthom in Kopenhagen... hrsg und 

Kommentiert von H. Suter (Kobenhavn: A. F. Host and Son, 1914), and Otto Neugebauer, The 

Astronomical Tables of al-Khwdrizmi , translated with commentary of the latin version 

(Copenhagen: [n. pb.], 1962). 

Ahmad Ibn al-Muthanna, Ibn al-Muthannd's Commentary on the Astronomical Tables ( ^ Y) 

of al-Khwarizmf, two hebrew versions edited and translated with an astronomical commentary 

by Bernard R. Goldstein, Yale Studies in the History of Science and Medicine; 2 (New Haven, 

Conn.; Yale University Press, 1967). 



rit 



JUpI Jl LS^ IJULI--U. tt^3>fcll (HLJ^^ <J>^ ^Or*^^ ^J^ *r^ t^-^' ^s^J* jlj-*> 

<ALLaJi jJLp >,L./y.» f^' ;>; j-!^"J ^^ q^} ^ J^ obLilJl (l)j-»---- qj\ JJ3J JJj 
Ur . UL^l ^^ i^i!>Lil ^^ jllJl bj^\ ^ Ol^Sfl jlJU ^U jSj c^^'^^^li2j| 
J^^ ((^^riUl ^UJl 6^1) ^^.....SH iJJlL Jl L5j>. h;:.,.. i^Ul-l -ul^Lai;! .^Ul 

4^1 j4 Jlju^- N U ^ >I>1 c-^Uflj tciyc Jl aUJ)/! J^ J^- M ^Sl A^yfc 

(_f* ^>fc^' *UJLiJI JJ j^ l^J U wT .ni (ji^jju cU-J^ V>*^ t^ c5^^' tl^-^J ''^..rr*^^ 
(Moshe ben Tibbon) byl ^^ <s^y '^^ -^J • ^y^' «^>^ '^^ bi^^ ^ ^^^^' "^^ 
^ O-^^ JLi CJiS" Cjjol^jdlLi Oj^i-il Ij^ Jl ^j^-11j jJfcj tU-liJl j-^l (>->-^l 
^ cij^l Jl 'oy? ^^ Juiry JiCiJj /^^^c^^!)ai yLP jWl D^l ^ LJy Jl UL^l 



Moses ben Maimon, Sanctification of the New Moon, translated from the hebrew by S. ( > i ) 
Gandz, with supplementation and an introduction by J. Obennann» and an astronomical 
commentary by O. Neugfebauer, His the Code of Maimonides, Book 3, Treatise 8 (New Haven, 
Conn.: Yale University Press, 1956). 

Moses ben Maimon, Le Guide des egares, traite de theologie et de philosophie par (\o) 
Moise ben Maimoun, dit Maimonide, publie pour la premiere fois dans Toriginal arabe et 
accompagne d'une traduction frangaise et de notes critiques, litteraires et explicatives par S. 
Munk, 3 vols. (Paris: A. Franck, 1856 - 1866). vol. 2, pp. 185 - 186 et 193 - 194, reimprime 
(Paris: G. - P. Maisonneuve, 1960). 

:j!u\ iCijA^ jAj ^^^\ Jj;^ . \\o - \M o^ ^y ^ i<-^ jJU^I (>1) 
Bernard Raphael Goldstein, «The Status of Models in Ancient and Medieval Astronomy,» 
Centaurus, vol. 24 (1980), p. 138. 

D. Romano, «La Transmission des sciences arabes par les Juifs en Languedoc,» :^l ( W) 
dans: M. - H. Vicaire et B. Blumenkranz, dirs., Juifs et Judatsme de Languedoc (Toulouse: [s. n.], 
1977), pp. 363 - 386. 

Nur al-Din Abii Ishak al-Bitruji, On the Principles of Astronomy, an edition of the {\ A) 
arabic and hebrew versions with translation, analysis, and an arabic - hebrew - english glossary 
by Bernard R. Goldstein, Yale Studies in the History of Science and Medicine; 7, 2 vols. (New 
Haven, Conn.: Yale University Press, 1971). 
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. ^^^^ili^ J^ ^^JU31 i3!>UV :Lu.-iLdlj j^ljil UkiJll j-SUJij ^k-.jl aip ^^1 

^Sy*^ <y (1),^^ (1)1 Jjb l^ ^A^ Jp ^ j yJJaj ^SUJ iJjjc* iw» ^ 4j^ cJii£j 

.^j^JLIl Lit*-} ii-tAi jj^ obliljl v-J;^ «Jj^- dUSj tr-jjJl villi 

^^^^1 <iJ3^ ^y (Yahuda ben Salomon Kohen de Tolede) J.L,LkH ^^ Dj^jJL. 
aJLp jIp UJ* . ^ ^ Y £ V iux <b^^l Jl <.utf;.t 4i8^y pj *^y^^ J-^^' i^ ^"r^ c^*^' 
ijjj^l ijSCiiJl aJL-j ^y (^^Vi £ i:LM» J^O (Levi ben Gerson) bj^jpr Ji (>y 
^^1 ^:c„M\\ <iiy J oijl^l IL^U-I -cJLi. ^ JjVl ^'j^\ «-iJ>- ^1 iAi^L 
JJaJLkJl ^^\j^\ J->»— <! dJUJii' aJOiJIj . (Les Guerres du Seigneur) y^Jl <->j>>- 

^j /'^^(f*!rf^ i>-L) |luJi ju o^L -LXUJi AiJLi. ^ (f ^r^ • ;i-^ ji^) 

*-j<s^ jMx„cl\ /Jal-«j i ^_j:»-jjlaJl J 't/^Jr*^ ^^^ J£f*^ ^J^ (j-^J (^ "^ '/*^^J^' 

fiJl^ j--^^ ^^ 0^>»jr*j jj-j--JLlaj r-SLw (1)1 ir^ ^^ tiijjjJil i-XIiJl jJkljJaJl 

^ L-L-I cJlS' ^^ i^l ^y y^b ^'-^ V>^^ "^^r^ t>i V^J^ ^y <^1 • ^i-J^^^ 

}^'^^^^\ ^Lp 4^11)1 0>JI JJ b>>-y ^. ^ ^- jJk^ oo^- 

t«l)ji>'tAJl ^j^Jl frUJUJi fAkL-1 tJjSfl i>-jjJlj t(l)>:^ <>* ^y ^y^ J-^J 

Jl ^2;jJ'.:...»^ <L-^l A-aIp oLiLf---[ lj-«Jiij (1)1 C6JL:»-^I ^^Nl /*-Jl«J ^./t*^^ (JlJlS" ^i^iJl 

A^j^l JJ A^jjJl jj-« oLa^jiJl *-jiiji» 1 illiS *>• . AjjjjJij -lujlJ^l ucJbLJl 4JC-»jJtll 
J^-zjlil Bj^ jI^ Jt^*>*»-^ (•-^^ ^ Jlill J-.r-' cW • (i'*^^ j-^ Jj'jJ* <^j^' ty 
j^nuUl U UL^ij Oj.^1 J[ (*\T't * o^ Jj-^0 (Samuel ben Judah de Marseille) 

L|^ IjiajljS^ A* jjb ^^1 fliljl (1)1 t^ts^lj ^^Xj^ (S^SlA ila^l^ Sljui j^[ ^y.T.i .. ju 
r^^-^\ 7*^ ^, ^Lr ^3^^ lAi\^ *jj>s- l^y li^ j2K J^>*-^ r:*^ tdlJi Jl oL,i»NL 



G. B. Sarfatti, Mathematical Terminology in Hebrew Scientific Literature of the :^l (Y •) 
MmW/c y4^M (Jerusalem: [n. pb.], 1968). 

Bernard Raphael Goldstein, «Ibn Mu'adh's Treatise on Twilight and the Height of the ( Y > ) 
Atmosphcrc,» Archive for History of Exact Sciences, vol 17 (1977). pp. 97-118. 
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UjLip* '-djA^ *J^*^I '"J^ fW^ ^^'j-> ^ ^ •i^ Jl ^'^j-c Cji ^■^'^J^^HJ .^4^.. .1^1.1 

4 (Aries) JjT) ^jMjA^^ ^^ ^jaJ^^ -u-y-l 4.««iJ j-^uJl ^jj« ^^I (♦-^-^ -i^l^j 
o'^U- J^ j^Ua^l ^ ^j-^Ikj «-^li^ ^j*^^ A>.^l Jii c(^>Y'YA ^UJl Jbu ^y 
Ul c aJLJjJ^ ^ «^>^ t5>-' ^3^1 <"J^ a^ Jti ,1 '^^^\j^^ J! S^rH^^ v^l^l 

C-JlS" ^^\ ijjJaJl j_j3 U-^ Ijji «:u-jJ ^1 caJ^^I oIjLJlI Jj^ j_^^^*AJLk< i-!tJll« 
^^^ylijj . Aj^^Ij AjJjjJI (j\i^^l ^ iaii C^JL«» JLii t ^^^k^jJl jjjiJi ^y 2JL5L- 
UajI ^jl4 (La <-^j^ ^>^ j.>>iU ^.i-U;...!! c^^^JL^Jl ^Sj.^1 Ol ^j^j^olUt AjjJaJ 

blcj tL^ L-J jjU 3*:»- iillA 6^^ (1)1 l)j^ 'c^j^^I U^ SJL^Ij JS* .^jiJLU cl*^ 
jjp tiijllJl ^jJ>*Ji S^ (^j ^V^j^l Sj^l *ij vlw>ij iDj-u-L dj^\ ipj-^^Jil ftJlA 

. L.^ t^J f^^ Y • , ♦ ♦ • iiLu. 

_ \TAA) Oj->>- j>j ^ ^ '-4^^ V^ iS'^h -^L^^ j^^l c^^^i ^^ 
/^^Vvignon) 0^1 ^>^ c-*>JL UL^t *iJL.j gJljjt ^ ^U t^ill i (f^ni 
•-4 Jil>^ ol V^ ^^j.4>llai roL^ c)1 ^ jSJu 4!AjjJs» L^lii UJJ^ ^_s^j Jjj 
(5^1 r^Uij L^lJLi*-! u-^rj ^\j 4oUj^-XUj Aj*5'j^1 y^l^^liU ^...rt-^tM.ll AiLs^jl 
Jp ^^^L-l JSLIj ^jI JLiJ t^ JW.ll ;^jjdL jJLcu U-ij . 0^%. ^I jjiC: 
^ J>J US' .Us-jLj f^i^V ^^^ ^jJ> (^ ^j^' J^ ^^jj cT^' t jbJl JU^l 



L. V. Berman, «Greek into Hebrew: Samuel ben Judah of Marseilles, Fourteenth - (YY) 

Century Philosopher and Translator,)) in: Alexander Altmann, ed., Jewish Medieval and 

Renaissance Studies (Cambridge, Mass.: Harvard University Press, 1967), p. 315. 

Bernard Raphael Goldstein, «The Arabic Version of Ptolemy's Planetary Hypotheses,» (TV) 

reproduction of the entire arabic manuscript, which contains the second part of book I, and a 

partial english translation, Transactions of the American Philosophical Society (N.S.), vol. 57, 

part 4 (1967). pp. 3 - 55. 

Bernard Raphael Goldstein: The Astronomical Tables of Levi ben Gerson, Transactions- ( Y t ) 

Connecticut Academy of Arts and Sciences; v. 45 (New Haven, Conn.: Connecticut Academy 

of Arts and Sciences, 1974), and The Astronomy of Levi ben Gerson, Studies in the History of 

Mathematics and Physical Sciences; 11 (New York: Springer - Verlag, '^1985). 



no 



^Jl)I t^^JLdl *]!)Ut r^j^ ^>»J JLn-iwj .i-,^li-l 6aLmoj1 *-• Jit>jj «wJL^ ^^a....U 
c)ji3l) j»-i*fJl ^2^1 *-4i^ J-«j oi^'J^^ j-UJLjJI ^ ^^ iJlP cjLJu ftJLiJi t^JJl rOj^l 

(Tycho Brahe) ^1^ j^ Jbu UJ fO^.!*-! Jjj . aj^ jt^\ <ij\j^\ oU....,..2tI| jL^J 



^'^''^L.U ab^ cJl5 



Jl^^) (Emmanuel Bonfils de Tarascon) JjX^ljiJl <j-*^jj JJ_^U-p ♦-•^^J 

^.>* mJU iiUiLl iifcSLiJl <ijlJL>- ^i^y -lij . ci^' (»-*** W^ ^J '^J-^ (jj-JLII 
J-sAi JJj lljb . lAuj^\ v^jJlj i-JUj"^' Jl ^j^' U-* *^i^^J i^«i^Sfl tj-^lj 



Shlomo Pines, «La Dynamique d'Ibn B£yja,» dans: Melanges Alexandre Koyre, : jjiji (tfl) 

histoire de la pensee; 12 - 13, 2 vols. (Paris: Hermann, 1964), vol. 1: L'Aventure de la science, 

pp.442-468. 

y.JU^- H^^\ J-Jj i^yw* JuJ-t jlp JJi^ '^,^*sJ^ (> iJj^^l 'c^-^ii Ch t>-^' of -J^^ C> Ji^ 

Edward Stewart Kennedy, «Late Medieval j t(> AVN t^j^u^Jl jb ocjk. :Sj>UJl) j^jl. p-jAl^l 

Planetary Theory ,» /$«, vol. 57, no. 189 (Fall 1966), pp. 365 - 378. 

Bernard Raphael Goldstein, «Levi ben Gerson: On Instrumental Errors and the (Y1) 

Transversal Scale,» Journal for the History of Astronomy, vol. 8 (1977), pp. 102-112. 

Hans Henning Raeder, Elis Strdmgren and Bengt Strdmgren, eds. and trs., Tycho (YV) 

Brake's Description of His Instruments and Scientific Work, as Given in Astronomiae Insturatae 

Mechanica (Kobenhavn: I. Kommission hos E. Munksgaard, 1946), pp. 29 - 31. 

Edward Stewart Kennedy and I. Ghanem, The Life and Work :^\ i>LlJl ^^1 Jy (YA) 

of Ibn al-Shatir: An Arab Astronomer of the Fourteenth Century (Aleppo: Institute for the 

History of Arabic Science, 1976). 

Bernard Raphael Goldstein, «The Role of Science in the Jewish Community in (Y^) 

Fourteenth Century France,» Annals of the New York Academy of Sciences, vol. 314 (1978), 

pp.39 - 49. 



Ti'X 



U (.by^j>- fji ^JA^ Jj^-J^ (^ ^j^j;ftlU> ^iUjJ iiUlil jllJl iij^J^ ^j.^jj 

-Ul 



^UJI Jl^p-) viJLJ^L- r^ (Schelomo ben Eliyahu) j>LJl ^ yj^ ^y ni\^\ J----. 

o-j jp ^jju LiUJb ^ tjtAia:! ^kiL^ (f ^Yr^ i-Ji jiiy ^i) ^jUJi ^.jiiJi 

^ ciJUJL^j <jj^\ ^j ij^j^l ^ ^j^l IJUb ^U ii^ ili,**^ ^ JJLit ^1^ 
JUi N US' iajj-aII Jl ^j^l (•-^-j::^ iiyt* OVI UipILim.! ^y «j-^j '^r^jsr^' ^j'^ji^' 

iJl JjlJlJ* <J^-A«-« <Lji^ *^y O^ i>w«J AjJ^jJl <*:^l oLLjkifc ^^ UojI JL>Jj 

c J^l ^^*^V1 .UUUJI jJU c-Jl^ ^>iu OL ^LtpVl Jl Loo; l^V i^U- J5liu 
^LiJl ^\ ^iUJ ^2;ji -bLLiJl ^ ii^^iv* 0^1 <^^ Lii^N JLii . ajj-jJI ^iJLJl ik--!^ 

AJLmh A^JUlJI ^ jj...t..'>.« (Lj^aJL S^L.^ t^llS^ iJ^^-^ ;^ U<aj|l Sj^X* jJL «J) JjlJL>- 

^1 JjlJJL jJLp ^Ul Ojill ^>« Vfj^ ^^■'^-*-' ^4>* M-^ ^ ^^ • ^^^^f ^ «T • 

}^''\^'j^\ ;i5UaJi >'jytJi up-'^V^ r^i -^'-J^' ci-J^i cf^' 

Goldstein, «The Survival of Arabic Astronomy in Hebrew,» p. 36. (X * ) 

Sezgjn, Geschichte des Arabischen Schrifttums, : ^^ ij^\ IJ4J ^^^1 ^^^J' j^^ ->jj (X ^ ) 
vol.5: Mathematik, p. 324, 

Goldstein, «The Survival of Arabic Astronomy,» p. 38. : ^1 & ( ^ • ^ \ ) hj^ 4^^iu^ (fT ) 
Grazyna Rosinska, «Nasir al-Din al-TiisI and Ibn al-Shatir in Cracow?» his, vol. 65, {XT) 
no. 227 (June 1974), pp. 239 - 243. 

Goldstein, The Astronomical Tables of Levi ben Gerson, p. 75. (fO 

Goldstein, «The Survival of Arabic Astronomy ,» p. 38. (fo) 



riv 



^\ ^ jLr J JLili .o^JUlI ^LiiJl JUpt \jJS dj^\ i^fJl iJU^l ^j^j 
dUiil ^ j_^ j_^ l^ ^j I Oj-^ «-*j^r^ ^j*^ irfj^ (^j-^ j-*»j 4>» ^rr^ -i-^ 
>-T ^ Jl :LiL^)/L iUL-l t/ ti-^*^' y^ J^' <^j^' cr* C:^^' o^ -rt^ ^^*-^J 

iiJbit ji»LL. ^_^ ^1 4-U*Jl jlJUiJL JUaJl Jp 1^1^ uh^l ^W <^' sr*^ ^^J 
JS\ \jy> ^^ f^ljjl Oii' Ujjj .5^^ obL^JLi^l j>w.^i; CjNLI* l^^^::^ t^-xJb- 
j^ Oijj Jjj . .,,.-^:Tli ?«ijll J_p- i-UL^ ^Jp L^>^ t5"^b * *^^ ^^ ^ -J eclipses) 

jjj U J-,aA: ^^I iJL.jJl ol^l jiUa; iJ^jUl Jj^lJLI 6t j^ <ij^ ^jLI iJu* 

LiJj/i i..^ t^JLil 4t)j^i^ j^l jS'JLi .n ;>»'t11 ,_5^jJjw« ^^ ^J . C-*S^1^^1 cIjUI^I 

jJLp jIjlII OjiJl (il Lfju^ rWi *' ••^ ^>*^J • t^j^ *-*j-^ j^^^ I f '.^a-vj (^j^ 
cJl^ (^j>-t jtJjU; Jl obL*-l pjJLi^ij ^t^^)/l (H^^ W*'^^^ it*^ c5*J 'ci^^y^' 

oU-LsAj^l ^_;^ Lkiu U tie^^l AiJlkJl jli»l ^jl> cuLtJ ^lijVl bJl* oL iUip'yi 



Goldstein, «Scientific Traditions in Late Medieval Jewish Commtinities,» pp. 235 - (Tl) 

247. 

Sezgin, Geschichte des Arabischen Schrifttums, vol. 6: Astronomie, p. 246. \ja»\ 4 jLijS' Jj>- 

Y. Tzvi Langennann, The Jews of Yemen and the Exact Sciences (Jerusalem: [n. pb., : Lsiul jJiJl 

n. d.]), in hebrew with an english summary. 

Bernard Raphael Goldstein, «The Book of Eclipses of Masha'allah,» Fhysis, vol. 6 (VA) 
(1964), pp. 205 - 213. 

I. Twersky, A Maimonides Reader (New York: [n. pb.], 1972), pp. 463 - 473. (r^) 

Bernard Raphael Goldstein and David Pingree: «Additional Astrological Almanacs (1 * ) 
from the Cairo Geniza,» Journal of the American Oriental Society, vol. 103 (1983), pp. 673 - 690, 
and «More Horoscopes from the Cairo Geniza,» Proceedings of the American Philosophical 
Society, vol. 125, no. 2 (April 1981). 



riA 



(j-^>i ^1 JjIJlJ^ Cri^ '^J^ '-•j-^*^ c->^fl^l (jjjjJl JLH— II IJL^ Jj-^jfJll cjiJjll 

^j .CjyJuA\ ^ULxJl J-. U^l oiiLi cJl5 ^1 t(^\ • • • c^ Jl^^ 5yhU3l) ^-SCUJl 

<jj-j5lLaJL] ^U-JU |JL*-4 oV^I j^ cjLuaJI IJLa Oli" JLjj .4-uilj U^^l 4c-^l^l 

6jiJl cUL— 1) J^jjJl Jl oU^)/Li t.< <:<>'"i c)l Dj^ ;jw*--w*^ <vLJLp c-*jlJ-| jSXjj 
tjvJL^ •.UJLpj (e^i!>ai jAp ^iJUlII 0^1 i^^y) fUjJl ^1j (t^i^Lll yLp t^:>U>l 

J-^Vl yyJl j^l jUi UJ c^^l jJLxJU Oj:jX. 4^!^V1 jlUJl ^ U5 Vtr-^l 

.jjy oJLp J^\^ tiihit 4jJL. ilj^ 



Bernard Raphael Goldstein and David Pingree, «Astronomical Computations for (i\) 

1299 from the Cairo Geni2a,» Centaurus, vol. 25 (1982), pp. 303 - 318. 

Bernard Raphael Goldstein, «Descriptions of Astronomical Instruments in Hebrew,» (IT) 

in: David A. King and George Saliba, eds.. From Deferent to Equant: A Volume of Studies in the 

History of Science in the Ancient and Medieval Near East in Honor of E. S. Kennedy, Annals of 

the New York Academy of Sciences; v. 500 (New York: New York Academy of Sciences, 1987), 

pp. 105-141. 



ri^ 






(*) 



JjjSoij^ 



j***^^ jJ^ 



JjSl! ^^)fl jiiil 2iJ^- cfV^ \ l^ ^ ^'^J-^l IJ^ er^jliJl jli*)!! 

^_^l A^A^^iaJl - <^IjJ«jl1I ^jIaJIj 4'»«j'>»./iH ^>1LiJ| jjlaj (jU»^l IJl» ^j"*^ ^jJLl^j 
.^^L*»^ ij--iL*Jl 6jWj....il Ji» ^ 't>*jJ' O^ ••^^ **^ J^^ ^rfj*^' iiUL) Cmjfj 

j:]\ ^ji^\ ftJU j^^ jjb 4(1)^1 ilip^^ .oLJl JLu t^LLJl c-^y JLiJ j-iLlI 
JJ^ ^^ IjJiU ^Ul Oi-J^' iS^ (Mudejares) «0i^^>» oL>L^ JL>1 Jl c JSJ 



Juan Vemet, La Ciencia en al-Andalus : i-Iji ^ JL^jJI ^Ijai-lj iLLlJl SJL^-jJl i-.ljjj| ( \ ) 
(Sevilla: [s. n.], 1986). 



ro\ 



(^1 t (Moriscos) «^_^_^SC«oj^l» ol>L-M« JL^l Jl Uiji US' t <y>*.^>.-^» V^U-» S^^kw- 
0^1 JSljIj yLp ^^LJI j_;iJl >-ljI ^y cLybU^ V-^^ 'j^^^' o^.-^J' u^Juil 

. J*i!l oljb JL3 ^"^^iJJI f>Jl ^^U 



jiJi U Jl J^ c^^fl 11* UU- J^ ^1 l^\^^\ ^ukdl Jl ^^- V La l^U.»-i.„J 
t,_^L-Jl «JljJl t^I t4-JLil LJL— I Ju-LS" jjhj «^jl;Vi» jt-^l <5LL*_p| J^ V-r^' 
t^iJlj c^^it^l ^\^\ jjiJi ^ ^^* JW^ (.:>jJ->- cJLls ^Ul tULp (^Ulllj 

. Ai>Uy> aSCU ijJb- Jp 4 jJLp «^li]l j^l ^ j^\ 
j_f3 .jLjl- J^^ ^dy^ o^ ^Jj^ ^^ iS"^ (J^ -"^^ (^-J^^ ^dj^' ^-^ <^l 

clJlJi tJLiu UJ ^^_^w. JXJLjJ i^LJJ jhIp (jliil j^l ^^ 'b j_^L N Ji^ O^JJ'^ 
iLiaji jU 4(^ji>-I V*"L; Jj>j -oi^jj^' ^UiaI I^^ l-jJli^ V i>Ua>jNl jj-sAP jV 
. IaI^\ Jjl^l ^yuu j^]^ (j^l ^ <ljji jjk; ^ ^JJV) ^ t^jAJl ^J^l jjiaJ 
^_jl^ Oj.la;.*> <j^i..T . >..a _ iji>^ - Vc^^ iiUjj x-s^aljl^ ^JLp pL2j j-* JjljiJl aJLA Jjl 

cjJCj»\ JL3j . J5MI Jp ^y-lp (5^U-1 j^l ^^^3- Oj.«:l--1j iUj^ «— iLJl jjiJl t.fl./ir*< 
aUj Ao • ^U> jj-j Aj«iljJl A-Ju«^l SyiJi JljJ* ^^J^ ^^ j_^JLlSll JL*J1 «^ aJl*^ 
LJjJii\ (»>UJl c->L^L«wa «jjJl?-I Jiii '.<^Ji ii!^ I»jJ-^ ^_^ir^ (^l tLjjiJ a\ •VN 
j-soiiJ tLiijJi; Jii-j ^_^JL;^1 JUJI Ijbj . ^ c^^t^l yt.^ c^^U-l j^l Jbu JfrLsA:^ 
^^..saJI ^Lp i^:>U-l j^l JiCi JLilj . Li»yl JU-i ^ <^\jdl\ ol3!>UJl Jj> -O^LJjI 
U^ >*L c^ytll pJbJl ^ ^j JjU ^ S/W jjkij jlS" t^JLJl jJUJl llfJ ^^JJl 



Luis Garcia Ballester: His tor ia social de la medicina en la Espana : ^y^\ IJu ^y ^1 (Y) 
de los sighs XIIJ al XVI, coleccion textos (Madrid: Akal, '^1916-), vol. 1: La Minoria musulmana y 
morisca, and Los moriscos y la medicina: Un capitulo de la medicina y la ciencia marginadas en la 
Espana del sigh XVI, Labor Univcrsitaria. Monografias (Barcelona: Labor, 1984). 
Juan Vemet, Ce que la culture : ^1 i i^^l J-^ oL^L-ll oJLa jjlaj \s^ ^^ j! ^jC^j (D 
doit aux arabes d'Espagne. traduit de Tespagnol par Gabriel Martinez Gros, la bibliotheque arabe, 
collection I'histoire decolonisee (Paris: Sindbad, 1985); traduction allemande: Die Spanisch - 
arabische Kultur in Orient und Okzident (Zurich; Munich: [n. pb.], 1984). 



roY 



J5Lii d\^ c^iil j-1p Jiiil c)>tll 4>« tla::^! 4«JjJI £a>JI IJUk ..ji- jl23j . L^ ja^\ ^ 
^Ul t^Lp ^Wl 0>]1 ^ VI tju ^ i»Ui>^Vl ^j . 4.a.,.U!l ^jJUJl j.^ ^U 
JLnJ ij . (^UJl ^j-JjjDi) Ju>»-j-JlI UjL-m»1 ^ L-JLp j U n. t A^j iJL»- SiVj JL^ 
vlJliJi OjJill yjb ^y b^ »J^ i^JJl (3^1 ^y jJLiJl o\>U^ LUp «^ ^jJ^Vl 
^^Ij oLJlj iilUJl ^^ ^U- J5^ ^JLjVl ^ULp (5JLP UJ-I oJL* Jljl»j .yip 

a3»-Ij ^Ij jlJt"! Sljoi j2^Ij ik«J^^ fciULt jijil 4111115 oL.^>i.t.li JJ.AXJ Jj>. aJU- 



jUJ ^.lalL) ^.U:...; Li5Jj ^Jai^ j_^Ui t5>u--- ol3 oL.,A^uJt5 o^L^ ^j^UJl 
(fVAA - Vo-^) J^ljJl ^^1 JUP JjSfl ^^\ t5>-Vli . JUil IJL* ^ oUUili*-! 

j^ bJlp Ol Ur . ^JuVl ^bil ^ jjib iJ^! oL-LJl JaJL. oMjU^ - J-!L.i 
jsljb^ ^LiJI ji> Jp JjVl s^^l cJl5L*j li^Uj . :aibr c^jl^ (^^! Ai«iU ilyl 

. J^L U\:l::^\ cJl5 i^Ji^bU t^^l pXtl ijlo. ^ ^b ^UjjhVl Jp Jjj ^I 
^^ Jbco z"-::^ 015' 4«tjuwUl» JL>-1 jjfcj t jUjLvflJI ^jlii-1 jl jj^JLJil jllp MJi JiiU 
^_^jd (^^l ^1^^ «a^l» c.*.M iO^ <;l ^Li Ur t4l>lJ>-Nl t3Li-.l Jp SjjJLj 

(1)15" i-isy ^Lju iLiJi jbJL^ 61 t j-iUii Ojiii ii^ jj:>- t jjjj (j^j . iia^^y-»j i^ji 



.(j^/l) .jAj^\ \Juj\ JU-i OlSL- (O 

Pierre Guichard, Structures sociales 4(orientales» et «occidentales» dans VEspagne musulmane, 
civilisations ct sod6t6s; 60 (Paris: Mouton, *1977). 

Julio Sams6, «Ibn Hisham al-Lajim y el primer jardin botinico en al-Andalus,» : jJUl (1) 
Revista del Instiiuto Egipcio de Estudios Isldmicos en Madrid, vol. 21 (1981 - 1982), pp. 135 - 141. 



rot 



Jp c^owiJ ^L.^J>.J -LJLoJl ^ CJI^ oUVl JbJL^ ilL^ dl JJLi Vj /^^IV- W^ 

,>^:^^ /^Vi^i jp ijuij :l>w^i j^l-jSii ^ dUij ^.->liiij oi^Ji oL-jU 

cJl^ Li Ij^U L^L ti»,«^c>.di ^ jt l^ if*-3r^l c jLiJl li^ i-^Utl oLiaiJl cjL/>j 

^l::^ .^1 ^xSfl ]^j}\ J ^j2l\ - ^-!^1 ^,.^^\j Jl!»\\ JuUiJl jl^^^i^l 
0^1 ^ jliJi c^L^alJl ^ 4j^Nl Jj4^ t^>^ ^ir AiJi t^JUl 4^JUVl i^ ^^ 

^, :-r.--ilj viJLUJl jOp ,^ JlSL^ 6y>- tjUJil oLLl^ (f.nY\ . 1^Y) (Sisebut) 
^y ^iLi 6jJb a:lSC]j t u.JJl ^ o^-— -- oLli^ Jjp- iL-i JL*: V ULj . c-.Ulij 
LJ*:)Lip ij;... o (_Paj<-d <«i^"^>- Epistula metrica ad Isidorum de lihro rotarum : c^LiSCJl 
<^jl>«ij icJjjaII ^jJ^I ^(5jljJl <!)> L«^ .j^oJtJl vJj.mJL-j ^..»,>!L1I c3j..>«^ U«^9v^«^j 

(>• cf^^l p— -^i Jl ^y -^ tr^' 5^r4-^' •'^ • (•-'r*^^*^ Jtr^V JJ-^iil •^ o^ 
Oji ^IjJl <^j }^*^Denaturarerwn <j\j:S Jjj (Etymologies) ^^^oliUiJiVl c-'liS' 

j^ji::^ ijSCLiJl j,^Ui3l ^\^\ ^J ,j>^ J^\ ^jUI ijjJ-l _ cAy^Jl l^i 0^ ' J^l 



Manuela Marin, «Sahaba et tabi'un dans aUAndalus: Histoire et legende,» Studia :^l (V) 

Islamica, vol. 54 (1981). pp. 5 - 49. 

David A. King, «Three Sundials from Islamic : jJiJl tj^JuS/l ^ <JL_iJl jljJ^ Jj-»"J 

Andalusia,» Journal for the History of Arabic Science, vol. 2, no. 2 (November 1978), pp. 358 - 

392, reprinted in: David A. King, Islamic Astronomical Instruments (London: Variorum 

Reprints, 1986), and Julio Samso, «En tomo al problema de la determinacion del admut de la 

alquibla en al-Andalus en los siglos VIII y IX: Estado de la cuestion e hip6tesis de trabajo,» in: 

Homenaje a Manuel OcaHa Jimenez (C6rdoba: Junta de Andaluda, Consejeria de Cultura, 

1990). pp. 207 - 212. 

Manuela Marin, <<'Ibn al-nujum et 'Ilm al hidthdn en al-Andalus,» paper presented : ^1 (A) 

at: Actas del XII Congreso de la U.E.AJ. (Madrid: [n. pb.], 1986), pp. 509 - 535, and Julio Samso, 

«Astrology, Pre - Islamic Spain and the Conquest of al-Andalus,» Revista del Instituto Egipcio de 

Estudios Isldmicos, vol. 23 (1985 - 1986), pp. 39 - 54. 

Julio Samso, «Nota sobre la biografia de Sisebuto en un texto arabe an6nimo,» : jiiil ( ^ • ) 

in: Serta Gratulatoria in honorem Juan Regulo (La Laguna: [n. pb.], 1985), vol. 1: Filologia, 

pp.639 - 642. 



roi 



A^jJ jjk l-jLl^I IJl*j . L/ftro <fe las Cruzes jj^ j-JiLJl ^^jJJSf cjLlj^ ^^^ ^*-^>d 

^\:S ^ OwJ-lj ^LJI J-^l ^ fJb oU^l «JL*j iCfV^l _ VAA) JjSfl ^LU 
c IlJU JL>- Jp 4 jjfc jj^ Lj jJ 6j^ I JL^j . Libro de las Cruzes ^UJl ^j^yA 

j^L- JU-^l JJ v>^b W^.yb tr^^^l «fjj* <-jl-» c5-iJ' (.r^t^^ u4^^ (^-J^' 

^ji Ij^ ^;i5^l JSLiJi yfc Li&ro dfe /oj Cruzes .^li5 jt g::jLJ til* Ji" ^ 
JJ 4JUJJI Li.yij LJ^r^l j^ J*.wT>»j[ d\^ ' Jj^^ V^^^ Jl ^^^ ^yH (»-y>^l ^y 
«jj^» ;L^j^ jLiu L. Jl 4,^,>dl oUadl ^y ^1 11* y,z^\ JLij .^_^!A-.^I jciAJI 
^Lp- (_^I j^ jj-.Ad1 ^^^^i* JJ j^ 0jS.i^\ Aj\j iUipVl Jl j^Jb U bjJJli i^^JuVl 
Cy-j^ t^^U-l 0>il ^y U.j-J^ UJ aJ >JI JUpI Jij ^^^^\f»\»«Y - ^A\) 

VjlAi* ^_^ oUidl ^ ^1 IJL* ol Jb "^j . Uia-U» ^U «jlpU»i J ^p^U.. 



Julio Samso, «Astronomica Isidoriama,» Faventia, vol 1 (1979), pp. 167-174. : ^1 ( ^ ^ ) 

Juan Vemet, «Tradid6n y innovacion en la ciencia medieval,» in: Juan Vemet, : jJaJl ( > Y ) 

Estudios sobre Historia de la Ciencia Medieval (Barcelona; Bellaterra: [n. pb.], 1979), pp. 173- 

189, and Rafael Munos, «Textos arabes del Libro de las Cruces de Alfonso X,» in: Juan Vemet, 

ed., Textos y Estudios sobre Astronomia Espanola en el siglo XIII (Barcelona: Facultad de 

Filosofia y Litras, Universidad Autonoma de Barcelona, 1981), pp. 175 - 204. 

Julio Samso, «La Primitiva version arabe del Libro de : ^^ ,j^\ IJU ^jr^Jj J-i^ ^l Of) 

las Cruces,» in: Juan Vemet, ed., Nuevos Estudios sobre Astronomia Esparlola en el siglo de Alfonso 

X (Barcelona: Instituto de Filologia, Institudon «Mila y Fontanals», Consejo Superior de 

Investigaciones Cientificas, 1983), pp. 149 - 161. 

Juan Vemet, «Astrologia y politica en la Cordoba del siglo X,» Revista del 'j ^ •> ( U) 

Instituto Egipcio de Estudios Islamicos. vol. 15 (1970), pp. 91 - 100. 



rod 



/^'^^jj^iil i^\:^\ lf:y:j ^l ^U)l ^^I d\ il^ ij^ vlJlllI j^l 
IJbh dS cLuV ^^^1 f 15^:^1 v^ J-^' <^^. <l>f JUi^i c^>l-J Vl c^ 

Cod^x /?.// 18 c-<li^ -u-iSL- ^ JL>-j Jjj . ijiJ!>Ul «.j.j:5GL liJj^ _ aAo • aU oIju 
jjJUj_i)/ Z>e natura rerum «->Li5 ^ Uj_>- (Sj-^ (S-^^ JWjj-^^l i>^ (Ovetense) 
fjj^ US' ((5j^l jiU^t* <j^j oIjUiJ«VI •-»li5' ^ ipyii^) aJI^^ U»j-^j J---iVl 
.Juhj .^1 . . .U*y ;,..■♦■< i-x5L. JjJbrj fVV^j VVA Oi-t^«IJ oU^^-^J^L UL. 

Jp J Jb IJi* J . ijjj^l iiJJlj L^JLp oUJ-htJI c^rS" <^>^->- c JbjJU ^y V^j^' 2Li^l ^ 

IJu bl>*. ^ .i>->Hi'j ^I iliSfl jc-^- ^^Ul JU Jl L3l>Jrl JU j^ Jl^VLj 

^jMjJj^ 4_aJl (5 jJl Historiarum adversos paganos libri septem c-»LiXJ i-JUjJ ^ 
•^^ J5CJtJ tL*^ ^_^1 ;JL>-^ J:»-M j^j ^ CjjPr ^1 ^^1 olfi . u^y^j} 

i^UiJ! ^^IjJI Jl \Ji^>i ^j»^ cj^ tf>i*Jl ^^" JLf Jl jNl JuJj 

. (Calendrier de Cordoue) A^Ji ^^ c-^liS" ^ l^yr^^ ^hyC^AS'^ 



\^\ tiL->^^JUflJl ^\^\ iii>i J^^*Uj j^JLil u>*^l I^Ujcl-I ^^I oLiiJL jJUij L. ^y (>o) 

Julio Samso: «Thc Early Development of Astrology in al-Andalus,» Journal for the History of 

Arabic Science, vol. 3, no. 2 (Fall 1979), pp. 228 - 243, et «En tomo a los metodos de calculo 

utilizados por los astrologos andalusies a fines del s. VIII y prindpios del DC: Algunas hipotesis 

de trabajo,» paper presented at: Actas de las II Jomadas de Cultura Arabe e Islamica (Madrid: 

[n. pb.], 1985), pp. 509 - 522, et M. D. Poch, «E1 concepto de quemazon en el Libro de las 

Cruzes,» Awraq, vol. 3 (1980), pp. 68 - 74. 

Gonzalo Menendez Pidal, «Mozdrabes y asturianos en la cultura de la Alta : j-Ja_Jl {W) 

Edad Media en lelacion especial con la historia de los conodmientos geograf!cos,» Boletin de la 

Real Academia de la Historia, vol. 134 (1954), pp. 137 - 291. 

^jJjL \^J f.<SjJj ^J\ JL*] MijJbLl iJlilL JcS^ ^j^^^. 5Jilidll SJLJbJl ^Ijll t>rt ,>• (>V) 

.(>^AY tCd) .i] :cjjjJ) i^jJb j^J\ jlp JJ^ tjlUll ^Jj t^jMj^jj\ 



ron 



^y 0^U^J^\j ^U^Vl oUJp ytiS' ^ ^JisSfl *L1»L jJLcll J-AiJl lAJ d\ 

(f'\l^ - <l\Y) ^^Ul ^UJl ^^1 JL^ JL^ ^_^ ^JuSfl ^ iJJl f>Jl ^L-t 

j^^j . «Ltf/. ./1 4 Oj^" i-JL^I <_y-*jj iAphoristne OIjJlp J-^ «— >Li^I 015" .^jl^-jJ 
^ji-iJl jl -^Ij^ j/ Aphorismes Jl t-fliS" JJ »c-^JLi)l li* «ap]iorisme» SjLp ^ ^j./i5,ll 
u-^b:^ ^1) J^^^l jjMA Jj^ ^-^ '-jt^ ^uJKJI «Ju^ OV dUi .c^jll iJi^ 

oljUl oy ^^i Jp J>J>- j^^l ^1 ^,UI Ai-JI *U»Sfl ^ ^ t(i>-' <4^ (>«j 
^ L.^ t(f^^T ^ AAA) UJI S^j (^AAA - AAn) jJLdlj (^AAI - AoY) JU^ 

.*-jil^l jUp c-^l:^ cji3>. yk ^1^ ^Jdl ii..^! ^li»Vl dbJji J^\ d\ U^ .uUj 

^y ^^*i^l ^_^!>U1 4^1 >L.Ulll ^^j t dJli]| ^y-^l JLp ^ ^^l IJU jJu JLilj 

Oil c-^Ls<»t «-:^L4:Jl ^JU- j;<»j-na>»j OL-a^I JL>-! jLLl^\ J^>*— I ^ j_^ Ol ijjjtj 
J^ i^Jill (f^VV - ^oT Jl^p- o) 4.^ JLP j>i JLa-^ ^....Wll tJSyi !JL* Ji" .-uLli-l 

(Columela) ^^k^jljS jULiJ j-^W* ^yrj *j^ 'T^ J^-^ ^J^ cJli" tlJL>- c1*jJLp- 
ijj^ i^y ^j>-j ^ij^l -^ Jl J-^ d\ ^j^ d\Sj . (J^j<«Jjl;S/I ipljjil »L-U ^ 
A^^^kJl ftJu cjj^jI -Ulj . *^j^j^ <i3l (5 JJl i>e re ntstica <J\z^ ^^1 t^ *^i>^l 
t (Yunyus) ^yj^y^ c5^*^ V^^ t>^ (^ \ • VY* Jl^p-) r^k*^ 4>^' W^L-- ol^l^.t.T.J Jp 
c j^r^j • ^^?^>Jj^ t* ^' ' * lunius Moderatus Columela *-• <iiLLk^ c-^ji (^ JJl 
oLU b\ Ij^ fa « Oj U ; !l ftJLA (Rodgers) jj-^^jj ^j^i! . a ■■■ '. i N 'WA ^L.Jl ^ 



Juan Vernet, «Los mMicos andaluces en el Ubro de las generaciones de medicos : ^1 ( \ A) 
de Ibn Ghulghul,» in: Vcmet, Estudios sobre Historia de la Ciencia Medieval, pp. 469 - 486. 
R. Kuhne. «La Urjuza Jt-l-tibb de Sa*id Ibn 'Abd Rabbihi^> Al-Qantara, vol. 1 : jJUl ( ^ ^) 
(1980), pp. 279 - 338. 

:Aa ^\i t^JJl ^iLjJ-l ^y a>!Aill ^ ^1 ijbS' J il^JLLl jJ>dl >:i (t 
J. M. Carabeza, «La Edidon jordana de al-Muqni' de Ibn Ha^a^: Problemas en tomo a su 
autoria.» Al-Qantara, vol. 11 (1990), pp. 71 - 81. 



rov 



Vindanios Anatolios de Berito ^-iS" (<JJl <_,pIj^I <^jil a> ^yy^ji oliL^JLi— I AiUi 
ISJ ^j*»y^y, ^J^ ' iijLy- vWj-^ ^j^ <>• ^S"'"" ^j^ <^y ^y •^j-<»>J^ij 

' Vindanios j»-^N l^j^ - <^J jyrjj 



<t>: 



^jiiJl ^y %*j^jS JLli? ^>>-j A^^ l^iil; ^\ iij-^Sl ^y jf^^i Jpj t*:t j-p 
L^ c^U-UJl ^^^^ Jl v-^L t J5Li ^!^l aJUcJl *lLj) UJLII UL^J ^ ^*^l 

j^^ (i'^ui! yLp ^uJi 6yii ^y jjVi cjUJi j\ ^lp jiiii ,:)yji) fi^i J.I olj 

JLilj . « . . . «l)jy-t Jji*j * . . . <*bjJ' ^LJLp ,j,aaj JjjiJ» : Ji> J-*-^ *Gbl 4 mJ.. .»1 

j3-*-^ ciLiSj tLfJ p-l V ^_^1 ^yJl ^1 jiUa^ JL^I JbJL^ Jl LJxP ^j^ll J-stfjJ 



Sr^^ t>*J • Vj-^' ^^' (Hr^ J^^ (>• u:r*Jj^' u^^jJ^^ ^^ J* ^. 

y Martial jt>*j^ 4^^ - vW^l *^y -^J^^J -*-*^ ^*— ^ V«* <1>H ^"^ ' l^j^ 



^^ij^i r^i 



R. H. Rodgcrs, «iYuiiiyus o Columda en la Espafia Mcdicval?» Al-Andaltis. \j la ;l (Y N) 
vol. 43 (1978), pp. 163 - 172. 

Bachir Attic: «Ibn Haggag etait-il polyglotte?» Al-Qantara. vol. 1 (1980). : j li — ll (YY) 

pp.243-261; «L'Ordre chronologique probable des sources directes d'Ibn al- 'Awwam.» 
Al- Qantara. vol. 3 (1982), pp. 299 - 332, ct «La Bibliographic de al-MuqnV d*Ibn Haggag,» 
Hesperis - Tamuda, vol. 19 (1980 - 1981), pp. 47 - 74. 

: ik-^lj. iiiJb. yil 4 4^»-r- v^l^ iJlSU ^ -^rr-i t|J^> *^biJ' (^ J^' u^' 
A. C. Lopez, Kitdbfi tartib awqat al-girasa wa-l-magrusdt: Un tratado agricola andalusi anonimo 
(Granada: [n. pb.], 1990). 



roA 



(^\ >r\ _ A«0 UjJ^\ aUiJl jjk; :IjU 



^ \::^j AjJt j^\ l^\ J5Liu *UJl iL oSl tij-Jj^Vl f>Jl ^> iJ»y - ij^""^ 

•jLp ^ IJUb LLs^jjJ ijLtjJl ^jJli-l c)^ 'C^j*"' ^j>'^ 4>«J .SJU^jJl iu-^Jl L|i! j^JLJ 

ij-TAJi oUiJi <3t jjb^ 4_^i -ili.Vi ^ Liij bJip ii*jj Jiiii . ;U,,.„„. JV JI1-.I i»U: jy> 

- AY ^) jUJl ^^1 JUP 6jL.l JJJ ^ jl1»^-j ^Ul 0>ill ^ tjL| t^Ul JilyJl ^*Ull 

ii-^ <--^I ^^^^\ l^ji <1jJ^ ^nrt^^ A-*'4'^ cr**-^^ •J^-aJ^ • oi-L>.-:.>..il ^L» dj^y*^ 
.iJLUJlj eJaJl fjJU 4^Ja^ cJi-ilj .oUiJi ytJ 1^^ iJjVl ^J\ JLp 4f.VAl 

JLiJj) 4-^U- ojjj ^y jl ^l>JL.| ^ ^^^ 015 ^^111 JUl ^^-Uiil ^y oL-^L^Ij 

JL^ (1)15 JLiU .Uj^^ \^\ d\S c-j:5UL c^liJI ^l^Vl ^jAJu fUiAlj /^*^oLi5aL 

- AoY) a-»^ 0jL«l JLl* i-f^JL« k^j:^ ^>^j c^^i Cr^j *'»i-* .i-*i^l <J iSy^^ 
jl fp JLii Kf*\Vn _ <\1\) jUJl j»5J-l SjUl JJi ^ J^^U J5L1. Oj>; 4(f.AAl 



J. Ribera, «La Ensenanza entre los musulmanes : jJoJl i^_^jjVi ^^ .,.1 w 7 H J^j>- (Y 1) 
espanolcs,» in: Disertaciones y Opuscidos (Madrid: [n. pb.], 1928), vol. 1, pp. 229 - 359, and 

.(^^AT c^^l ^1 jb ISykUJi) ^pxVl j^ p-UIl ^Ji <^j^ JUJ^I JLP JUjt 
J. Ribera, «Bibli6filos y bibliotecas en la Espana Musulinana,» in:' Disertaciones : Ja^\ (Y 0) 
y Opusculos, vol. 1, pp. 181 - 228. 



to^ 






Ji-^t o^ Jj5* <jf ^y^ tr^^l jl j-^ ^J^i 0>5JI <>• I*— VI J^^ i^jiu* ^y 
Ji-:»l ^ Jjl a;! L^ .^JU^l Jl lJlil\ JjlJbUl Ji^il ^ Jjl J\ ctj^jVl c^ 
^U Ji^it 6^,^ ^ /^"*^dlLiJl pip J .^Ij ,J^^\j U..U1I ^ ^^Vl Jl 
^ Ov.^ (^Al£ JLn-j iJi*) r^-sP^ ^, (j^W^ 4 ^ o.fn jl (^AAV o) ^^Ujj ^ 

Jl* J\.«j>*dl «.|jaJJI j-« 2LJiU- j*^ jIj cJ*U-1 ci.^ '^y J«»^ ly ^j^y ^-^ ^'r^ 
c^JJI (.Ui*Vl IJuh i^. jjj /""'^^^ ^Ij ^""'^Jl^Jl ^j j^U ^Ij ^l;> ^1 

Jsji-y- J-,A>- US' . 5tA-^l ij^ji^ oli)/ ^^j-^l ^^-^ Jl (•T ^'^ ^^' 01^ V^->^ 
Jp JL^l dUi Jll*j .fAr<\ AL^ ji\^/jl} ^AJ Ji^l/OL-J Y • ^ U iijLJJ ei-iS" 
U ifrUli-l iii^ rt-J 4>«j tfrljj«S/l iiij *i*::j ^^I oL^a^JJl jj> j*-?^! CT^ ^J^^' 
Jp Jj: ^_^1 obLfJJl ^ JbJuJi bjJj .^lydJl ^^^j ^L^l i^li^i^j tSj^ jlil 



L. Molina, ed., Una descripcion anonUna de al-Andalus (Madrid: [n. pb.], 1983), :^l ('^^) 

vol. 1, p. 138. 

E. Teres, «*Abbas b. Fimas,» Al-Andalus. vol. 25 (1960), pp. 239 - 249. :^l (YV) 

E. Teres, «' Abbas Ibn Nasih, poeta y qacfi de Algeciras,» dans: Etudes : ^ la !l (YA) 

d'orientalisme dediees a la memoire de Levi - Provenfol, 2 vols. (Paris: G. - P. Maisonncuve et 
Larosc, 1962), vol. 1, pp. 339 - 358. 

.YAY _ YA\ ^ t(^^vr 
Vemct, «Tradici6n y innovadon en la cienda medieval,^ pp. 173 - 189. : ^l (T • ) 

E. Teres, «Ibn al-§amir, poeta astrologo en la corte de *Abd al-Rahman II,» ij b it (T\) 
Al'Andalus, vol. 24 (1959), pp. 449 - 463. 



rn 



/^^^Uul JIUJI jJL*J -biU- uiil^ i!5UIJ ^Ulj ^Ul 
Jl v-JJl JLf ^ cky^l (^ ^rtt^ J-^ ^yn -^ ' iii^Vl ^^,^ ^Ua^J II* ^yi^ 

^^^Ij . jUJl <>^^l -Up i»tAj j^ CjJaJl ^jU c Jl>i-1 ^_^-Ij <A>j} ^ u-^ ^_p-j 

j^\„n* J>*Jbr j>il ^Jii*!*-*! Ufljl j-iUJl «!)^l j^j . ^_^^^l tJu^M {_^Sf (Picatrix) 
^liT cj^Ml -Ju j^ ^j .^U5:J^Ij ^U^^I oUJ» 4.1:^ ^3i ^ oy^j ijLjM 

Liicr i^ll5 oJLi. ^ Uajj (t->*:^l j>« {>Jl llfJ fUiA^yi J^j ^^L*^ yV ci^Vl 
it^LJJ ^UJl Oy*Jl Jl^ *t^y ^y t5^«^' 01^ ji (2i^ ^^*jJ Universus 

Tabula _llj LL^aJI OijJ^l J^^^j ^JUVl Jl LsAel cJU-il <3>JI IJLa ^^j 

U)>. yt^ iLL-^ i^^V J^Jbr ^1 f^ji ciUlTj /"^"^j-^ ^ «-»J^I c5^.»< 

. U^ru (1)^5^ jI ^xVl jJlJl OK*t ^jv»I ^li3l O^iJl ^y Jlill « tf.,nr\l ^j 



Sams6, «Thc Early Development of Astrology in al-Andalus,» pp. 228 - 243. : ^1 (VT) 

David Pingree, «The Liber Universus of 'Umar Ibn al-Famikhan al-Tabari,» '.j h '»! (TT) 
Journal for the History of Arabic Science, vol. 1, no. 1 (May 1977), pp. 8 - 12. 

S. M. Stem, «A Letter of the Byzantine Emperor to the Court of the Spanish ij b ;i (T£) 
Umayyad Caliph al-Hakam,» Al • AnMus, vol. 26 (1961), pp. 37 - 42. 
Max Meyerhof, «Esquisse d*histoire de la pharmacologie et botanique chez les :^^l (to) 
musulmans d'Espagne,» v4/-v4/ui!a/ftf, vol. 3 (1935), surtout p. 6. 

^^! JLf«ll :syfcUJl) ^ • iol>^"j ^j-^- ,Ijm\XL Uj11\ jU5U ^>JI ,^1 j^\ oU^ 



rn^ 



•iaiJ SJb JL>- A-iiJ (^LJ^ ^, (j^^ J^"^' ^-*^ • (Eilmer de Malmesbury) ^^Jy^\^ 

olS ij5U ipL- fu.^ ^j^^J ' J^l u^j^' -V^ UI-XaI iiJL^ 4j^ 6^ *1m9 US' t*3_):w« 
i^yJl st>L^l olijl JbJL>-ij «^4-mJ cJlS" «a;UJi1» jl «a;UJlI» ipUl oJla . aJT l^j>- 

^j>. io. jllll 4-tf.^;.Jl 



. J-^l *j:iL5p jUp» j^^ « Y 



(rA)n 



^ A-jj c^^i»Tm.,U v.fla.>«» MIj JLju>^ j^ "r'ttj^ rjj^'j V'Jt^' (Kj-**^' '"^ C^ 

.(f ^1 •) o!5Utl aJjj (Jbo jl) J^ c Jllll j^JU-l jJLaJ viJUij (Recemund) JbJ 

Juan Vemet, «La Supervivenda de la astronomia dc Ibn al-Banna',» : j la ;l (TV) 

Al-Qantara, vol. 1 (1980), pp. 447 - 451, ct «Marmol, obra de Zarquel,» dans: Hommage 
a Georges Vajda (Louvain: [s. n.], 1980), pp. 151 - 154. 

•Arib Ibn Sa'id al-Katib al-Qurtubi, Le Calendrier de Cordoue, public par R. : j b W (VA) 
Dozy, nouvelle edition accompagnee d'une traduction franfaise annotee par Ch. Pellat, 
Medieval Iberian Peninsula, Texts and Studies; v. 1 (Leiden: E. J. Brill, 1961), et Jose Martinez 
Gazquez and Julio Sams6, «Una nueva traduccion latina del Calendario de Cordoba (siglo 
XIII),» in: Vemet, cd., Textos y Estudios sobre Astronomia Espaflola en el siglo XIII, pp. 9 - 78. 
A. C. Lopez, «Vida y obra del famoso poligrafo cordobes :^'l t4;.,<i4,.*iii «JUk Jj*- (T^) 
del s. X 'Aiib Ibn Sa*id,» in: E. Garcia Sanchez, ed., Ciencias de la Nuturaleza en al-Andalus: 
Textos y Estudios (Granada: [n. pb.], 1990), vol. 1, pp. 317 - 347. 



rit 



JLjliJlj jUjJl JLJLalll : iill^l JJIUI ^ L>«P IkJli- i-iJjil IIa j^ J^J Ol ^^^al^j 

ijiil <d^l iUjVlj olj-:dl J^ i±^) J>U.| t^yJl jJLaiJIj (Ul^l ^ LiLipVl 

US' ((ilkuU^ JjlJb>- cjU*^^ (^Jb-J ^ J^>«-^j M»>*^ ^J^^ J^J^ 37 ; 30" <j^yJl 
.(i^JJaJl 23; 51, 20" :i*-ii5 jjji\ ^J\ ^^j) 23 ; 50" tjji cil^l ^ ..^^b; 

j> jt ^U Jp :bj-->Jii cU/i J.UI yij^i ouu?j:^ a^uii j-^i (r) 

-^J • (g = 12) ^ Y i*JL g aJ Jarj* JjJ^ 4>« 42:,.t« ^>Ja\\ aIm d\ jJLjj . J^r^l oli 
^>^ >S!l U tj^l^Sfl ^ ^_y..*Jjl J^i JilL t^JUl JikJI ^>^. l>Jb^I cc-*LJ.I 



Julio Sams6, «La Tradici6n cldsica en los calendarios agricolas hispano&iabes y :^l (i*) 

norteafricanos,» paper presented at: Segwido Congreso Intemaciona! de Estudios sobre las Ctdturas 

del Mediterrdneo Occidental (Barcelona: [n. pb.], 1978)» pp. 177 - 186. 

Juan Vemet, «La Ciencia en el Islam y Ocddente,» in: Vemet, Estudios sobre : jJoJI {i\) 

Historia de la Ciencia Medieval, pp. 21 - 60 and especially pp. 28 - 30. 

King, «Three Sundials from Islamic Andalusia,» :^l iolLjJ ^^JLiVl JuUJt J^»- (IT) 

pp. 358 - 392. 

David A. King, Islamic Mathematical Astronomy, Variorum i^^JoJl (JUJLJLI J^LfJ) ojj J>»>j 

Reprint; CS 231 (London: Variorum Reprints, 1986). 



r\r 



,^ljL 



• ^^ J^ -i^j <> "^jjy ck^ iS^^ J^i 

^j A^) If^ JojUjJ) ^1jl»«i^L 1|.LmI9-I ^ Ji ^«JtJl oJlaj . 4 '..J I jljLa 
• ^^>*r^-^ '"^^i c5*J •^^^ (^ Jl '^^^' ^•'^' b^-i^l ((p^j=ii) 

4^...t 4jj-iji; <i^*^ ^IJi^l^Uj 17° 4IaJ ^_y>.>».!^ jj^U>Jl (_^jii U-j C..>.M.T'>-I l,it jJLJ 



ti * 



cotg h + 1 

» ^^X^\ ^J^\ AlS:JI ^b Jp SJLjJLaJI oblfdl ^^Jb-j 4j»ji |>j^ ^J 6M JLjJ 

^jj^\ Jta^ J-p ^j M'y* j^ iSj^^ <^j^ o^j^ -^ <J>^ "*-» ti-J^' 37 ; 30° 



j^JLjjJL-^jJ 4-JiJ' •^^^ V^ <^^ ^^^^ • ^^ ^-^^ *-*J^ "-^^ <>^-> • ^^' 

J^^l ^ Lf- ^li ^1 V;^^ <^^ jt-^ ' ^JliS/l frLi»t JjLiL* ^_^ (Dioscoride) 

il4j-« 4 j^JbjjJL*»^i t-jLl5f ^ Owlj l]»j]aJ^ («^L-J1 tjJaiia— J) iJajJ^ j^l^^l 

ol>Jk.A^ i;>*4il ^1 SiUl Jp ^juVl .^U»i ^y Uj> jlpL- t^JLll V^ v^i^^ 



Julio Samso, «Sobre los materiales astronomicos en cl Calendario de Cordoba y :^l (iT) 

en su version latina del siglo XIII,» in: Vemet, ed., Nuevos Estudios sobre Astronomia Espanola 

en el siglo de Alfonso X, pp. 12S - 138. 



rni 



(U) 



^\:^\ iJut J i^j\j}\ UJl oL-Ul ^lJ\ U^] Jl ^jS^\ 



Jjl Oli" ^1 ^Jujji^jj^ c-jIiS" Ij^\ja jlju oljb ^1 otAklVI ftJL* cOLmJjljVi 
JLili . SJbJip t^lj^ oU^i (31 J^ c^JJl oLJl JIp ^^ J>»J^ (>»l ^-^^^ jW^^l Lfty^Ux* 
t-dJLpVl Jj^ cJJj^ 'H'-^ J-=?«-^J *^>^ V^^J^' (_^JLpL-u« Jp J^>«-W ;>jI *-ijJo 

4a.l....4 jL5 Lwj tAjUjJl Ojij-^j i,_y-JjjV! jJLiJl JU-j j^ 4-u-jJL« j>jj^ tT'^' 

I^UJi ji_p- ^ c-^ t^iJi JL*^ ^^ c-oy> j^-u-ii 4j^i j^ l* jb Vj i^^jL:S/i ^_^i 

oJuh ^ ^j . J;>JU- ^^1 JUpI j^ ^^ ^I ^ JUJ.I 11* ^y (^\ • \Y' fU Jlji>. 
jjjiJi L^j-«^ <^l^^ (^ c^ aJL-j jt-ftl j^ ci>^ lS'^^ cij^^-^l c-jIiS' cJU^Sll 
ij^^ oL:-a; LfJ ^JL^^i--^ ^U*JI jJlp ^^ iJL-j ^^y^ US' ^ UilJii^i ^ ^Ja^^\ 
J^ IjJaiLp- (yi^\ jj^l^^l j-p jl ^^^-^l ^^\]aj^}\ r^ LaJL>-I jj5o Ji oJ-ii^ 

_ s^j^l) ^jVi vr^l ^W^>JI -iiJL^ UJLai ipl^I <ji^ ^ li-^UaJt ciuV 

Z)e medecinarum compositarum ^yJ^AJl jl^^i*Jl (^i (^J;^! c^liS" ^ UJLk^ «^j^ 

. gradihus 



Juan Vemet, «Un tractat d'obstetriacia astr61ogica,» in Vemet, Estudios sobre : jJiJi iil) 
Historia de la Ciencia Medieval, pp. 273 - 300; Mcyerhof, «Esqmsse d'histoire de la 
pharmacologie et botanique chez les musulmans d'Espagne,» pp. 1 - 41, et Cesar E. Dubler and 
E. Teres, La «Materia Medica» de Dioscorides: Transmision medieval y renacentista, 5 vols. 
(Barcelona: [Tipografia Emporium], 1953 - 1957). 

I. Garijo, «E1 tratado de Ibn Juljul sobre los medicamentos que no menciono : jjLJl (io) 
Diosc6rides,» in: Garcia Sanchez, ed., Ciencias de la Naturaleza en al-Andalus: Textos y 
Estudios, vol. 1, pp. 57 - 70. 

Sami Khalaf Hamameh and Glenn Sonnedecker, A Pharmaceutical View of \ j li '.I (£*\) 
.Abulcasis (al-Zahrawi) in Moorish Spain, with a Special Reference to the «Adhan», Janus, 
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U; ol oy> t j.>^ ^^i'^j . f \ • • V 41^ ^yjl .^-->. U?y ^J ^jMj^j JjjO- ^ Jjj 

ct.->*j 4Lj-L*5Cjj <^jjl_^l Jji-^- «iLjL«j Jj ^_yU- JXJLj ijju o_)j^l 4-.JbJl AlJtX* 
JLLAJLlJI jU-i[ ^^ IjJL^j J-— JLilj . iJL^ - i^jjj^^ ?HJ -i M^ U^i J^ ?*r^' 

Dli" uy'l^l ^>- iJli-l cijVl ;>^iai oJtw* J!>U- j>- UL^I ^ oj^l ^^1 11* 

Ulj . ^ \ • V i aLp (Jjlil j U ., rtl l ^v^l aJL-JLj J 4.». L >^4 J«i ^ I, .a^J^j jJj-ij*J 9yJ>jjt 

(Adelard de kIAj j^ jV^l L^ ^^ cr^' <.j.\Jt^i i^jjJi J'/»'^i *>~L>^^\ IJLa Oj-«J 

oiU-l iJjL^ tij-- ^;laT...i M JJLiJLl .ijijL« 4JI jJUj J-^S/I ^jjiji^l (j-^ .<JLf-^ 
Lz^er ^ c-'US' j_^j c (^5^i j-ji iZj\^jjJi ^ il>jjl>Jkl oLlawll aLl-^t.^L <^jj 
JIp ^ (^li^l Jl« I^LLa Qfiy43^ ^ y (• \j}^ Qi f^'^^ rationihus tabularum 
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and Otto Neugebauer, The Astronomical Tables of al-Khwdrizmi , translated with commentary of 
the latin version (Copenhagen: [n. pb.], 1962). 

Ahmad Ibn al-Muthanna : El commentario de Ibn al-Mutanna' a las tdblas \j — li — \\ it A) 
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al-Muthannd's Commentary on the Astronomical Tables of al-Khwdrizmi, two hebrew versions, 
edited and translated, with an astronomical commentary by Bernard R. Goldstein, Yale Studies 
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Jl <5^ 'gl)'^ ^^'J^l ii-noll Jl ijjJ iJlji)fl - iiJU^Il il^l t)I ^yfUJ Ol ^Jy^ ^J^ 

ti^JLi;^ jJi cy i^ V-^^^ (((^>i) ^LJ^i) iaSU^l oSl dJi v;k->ii ;^>i 
. iJLm Jl 5:>U u^mJLj L.U LK-i S^jlhJ JiLtJ il^l JjlJi-| I^m^j d\ Jo^ U:lo 
JL^ *JiJu yh 4Li otjb (^JJI ^iillj ^jUJl <^^>^»-t.H (ji^l ^JL>ww aJ\jJ\ JjIjULU 
V^)/l 4i^l iUl fJui.1^- 2i^>>JLl JjlJJr' o^ .(f'^VY h/\'\) ciJlllI i^A>. 
^ oJL^ JJ-JJ J! ^^j .(flYY /V/> I fji ^) Zy^\ lAJu ^>- ^ IjLJj 
j^^l Jp ^\j^\ ^jt^ I»>^ ^L^ JjlJi^ J dUi^j c^'^^oUj--5ai JjlJbr 

Ij-^LiL^ 1 44^ ^ t c^Jjl j^' t)'^ J-^ • o^ j:*^^:l y^^ £0^' lT* ^i^W J-^-*^ 

l)L c^U Jl J^-i»J jt-^-ti tjAJaJl UjJJ ULp-1 t)j^ '(^^' H^ (>*J •^'J^^ if^Jj*"* 
jl tiJ-w JJ ^ Jijia^Jlj Jd*J^*^ <^^ «^^ ((>»3j'j^^ Jj'^ c^') y-^Vl Silil 

^^J^i JjJL>- L^J c A^lJLt O^JLiC) olibLl ^^s^ Jjl*^- (j*^-^ C^yu Jliij 
JjJbtl iJLftj tlfrj^ !• J^Lio jiiill c.a...nJ (1)1 ^y\^ J^ ^J— ^ -"^^i (^^' (sinns) 

^ ^ * (>* j_^jjljii-l «^-»-:>- JjlJbr <y O-LWI-JlI jJaiJl cjLsoJ i^ i^t JL^Jj (^jUI ^^I 
■ LiaTJL S^uil ^^1 i)l>> A^ ^_^ 4.<».l->^>< <^L^ (J^y*^ <^^ \~J»^ nA»',„\j 

^ U»^ jb'UJI JljjJl Jai- JUjii-1 JjUj c^y^jdl JJLJL jUdl tj^^ll ^ ^-Jiil 
JjljJLij . UfLUj jl yJiWj ^„ .rJI ^Uiil JbJL^wJ 5jl:LJI .JJb^ t JjIjlA-< u-^ 
s^ldil JjIjlJLI ^^ ^j .i*JL^ LfJ-^J ^^^^1 JjlJiJt-l J-- UiJL. 5JLA 5^Vl 

^j-j oJljJl o^uU iJ»y Jljj \J^ LiLs^l ''^jJL?- (5^ j:^\ JjlJLi-l ftJUfc 4 5JlpUiJ1 



David Pingree, «The Indian and Pseudo - Indian Passages in Greek and Latin :jJaJ\ (0 ^) 
Astronomical and Astrological Texts,» Viator, vol. 7 (1976), p. 165. 
Edward Stewart Kennedy [et al.], Studies in the Islamic Exact Sciences (Beirut: : j^l (dY) 
American University of Beirut, '=1983), pp. 125 - 135. 
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fjA^ gjpl ^ <li4 ^ cT^ ^ij^ J^ c5^' (projectio radii stellamm) ((*j»-jdl) jixSJl 

Ji-it Jj iJL-a il)l |JL>- v!^JL?- d..fl^ ^y (Hogendijk) tiJUJLi>-yfc ^j* Jlilj . (^^o • 
^bJ Ja^- ^^1 Jl}^\ iij\Jor d^ ciUS ^t^jJj^ irfL^l J5l-'^l t> ^^ 

^y>JJCi jl ^y Jb V vi-*>u c iLsAJu* UL^i J^-tj 4»l....l o^JjcJI ^j^ S^U-l ^^ 

Jl IjLaj ^IjJl 41 ; 35* jjfc ij^j^ -^ Jl V-^^ 4,...T->»ilj 4jJ^1 ^ ajJI* ^^ Jp 

A JUh OjiCj JJi viDJiJ ( <U ?j^ IjjU' IJla ^j^l iai*- Oj^ Ji^j ' V^j-^ <-)^-«-^ 

^ 5j^ Xjau^ 4.^>«.sA.ll ^^pjJl cJj* <1-^ jJLp (^iU-l OjiJl ^y cJli-il Sa JjlJLJt.1 



c-jIiS" ^^ . <>»jjl^l ffi) J^ A^^LUl JjlJbl-L iiJUill iJL^ JUpI j,.^:fl" Ij 
sJ^ '^ Jp ^L*j c-^l^l Xj\ja J«> e^l» <;i JlaiJJl -U>U J>. j,-*Vl oUJ» 
D^Ljl^ 2r^^ ci^^M' ??TiJ (>^ >^j^ LDj-* 6L^ ^Jlj . . . ^ j ^ ^ 1 V» . 1 ^h ... ^^11 

: 5Jb- Jp" l^ J^ U-U. ^ Jljil ^tAJ tOSl JL>«: U 

4ftl...« (1)1 JiS'jj (^ AJ) Jl^j^l Ai^Lf'ij jS^J^ 01 /»;la7...t 4 ^_>:*«^ oJU^j ^y/^^{ " 1 
wJl oJUj . 135 ; 40* yb aJ^ lu^ jt c^l Ailj ^<\V<\ ^U «JL-Vl cJlS* j^l JL^j 

jjfcj tU;>J oij^d -"^IjJ j?»waJl JjJlaU' c/ *^J^^^ (»^' '"^ tJ^ -i*^ '*-*^ Ji'^ 
JjJj . (^ J : » ^ ^ J (Planisphere) S^^l }^;Vi...» cjUS' J^ 4jLiaJLnj Jilj^ Jj^ 



Neugebauer, The Astronomical Tables of d-Khwdrizmi . pp. 61. 63, 95, 108 and : jJiJi (of) 

110. 

Kennedy [et al], Ibid., pp. 372 - 384. : ^1 ( o 1 ) 

King,, Islamic Mathematical Astronomy. j t>6*\_ \6\ ^ K-ji; jJUail :^*l (oo) 

Sa*id Ibn Ahmad al-AndalusI. Kitdb Tabakdt al-Umam (Livre des categories des :^1 (ol) 

nations), traduction avec notes et indices precedee d'une introduction par Regis Blachere ^^aris: 

Larose, 1935), pp. 129 - 130. 

Jose Maria Millas Vallicrosa, Estudios sobre Azarquiel (Madrid: Consejo : j la ]\ (oV) 

Superior de Investegaciones Cientificas, Instituto «Miguel Asin»» Escuelas de Estudios Arabes de 
Madrid y Granada, 1943 - 1950), pp. 310 - 311, and Paul Kunitzsch, «Two Star Tables from 
Medieval Spain,» Journal for the History of Astronomy, vol. 11 (1980), pp. 192 - 201. 
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. i>J!:>Ul ftJU ^j>^ ^ ^ li J^i 

Ijjyc- tils' ^h.uiyli (1)1 j_5f:»AJl ^y ^^^ . (<ip isoiJLi A>»-J iwJ^" Ji >K.«-Jl ^1 flJLJj 

^ L^ c^Lp ^^btl 0^1 cy W^ C^>b) (Ripoll) J>-L> J' •^'LiJlj YYo ^^1 
JjL*j -L^ipI dj^ Ji 4^ J 3(1 cjU-LuJJ Ij-jjj J^ ((<«JL^ iy-jJUj SjjUu 1^1 7^^\ 

(Nallino) j:JlJ i*J» 01 ^ <> J^^ ffi) <>* i*J-^ «Uiw-l U Ls^I «-ijju N 1^1 - r 
<iJL-»j ^^ ^c*-Jl ^^1 oS/ villi . cJ^' jU^l ''Vi' *^j^ i-JL-^ <— jX« jl ^c-v^ljJl 

(jyu li^lj . ^w>» J; a 1 Ira . 1 S^^xJl w^Wint c^llS^ ycJL l j ^»JLm«.* aU ( (^^^< '4>-lJ ^J 

Ol JUi;^! JUJLj I'^j^ v*i^ij ^uJLw. ^ cJU^ jjk; Ji ^1 oli^l jUpVI 
IJUfc i-J^^ ^U l)j^ Jii A.»-L^ <l)u «^L4! -*^^ caJIJjJI ^ji jl5 4_^^iiJl IJla 6^^ 

^^^-^JLUf i-^UiCl jUjJl J-^^l f lVI iLi^ ^j . oUJjtdlj oUjytJl ^^^aju l^Jl 



R. Marti et M. Viladrich, «Las tablas de climas eo los tratados de astrolabio del :Jai\ (oA) 
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v-.»L:5' j^ Si^L. jJuJ tt-^l^l j^ oUL-il p-JL. i*»5*V JL**: >I...^ U^o* ^U Jlj^) o^JaJi 

Julio Samso, «Notas sobre el ecuatorio de Ibn al-Samh,» in: Vemet, ed., Nuevos :Ja^\ (o\) 
Estudios sobre Astronomia Espanola en el sigh de Alfonso X, pp. 105 - 1 18. 
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^^u^ ;>y- J J ^'^'\^\ \ it) (Hermann le Dalmathe) ^y'liaJl 

t iU^^iait ^ iliji^ ?4.U— 1 iijL- O^ lf:y (Y) 

L5^ SjjJtdlj A>jdl tS^I fw,ti»J c-»l::5' J* iJL^ oliJU:; (T) 

: ^ ^j-JUa^ c-jlr^* Jp oliU^l iJLJL- ^Jp IJla j*?-Sll jj^l t^j^^ 

j^^j-^ikj 6l (il ^^j) «-jV^^V| cij-.^ 5^b .,-u..,.2-J oJbJL?- J5L-J v^!)l^ - 

. cij-.^! S^b .,■■■.,» S?i LpJi ^1 diki i^LJL* jiS/l ., ^M.i:l LojI JjJ^ *i-»^ - 

aJ (J--W- j_^l ^j^ ^^ tx* **^ ^J-^'j • ^'^1 i^UJ! iij^^l oliHl Jj>- J---U- 

ci^SCJUll ijjj-^l oljLt^ll J-* JS* frlJLLjN >♦ ^>.alM..U ^j«>.,rtH JbJL>«ij 5-Jl-^ jt-lj- ^ ...ill 

^ litAiaJl JiVl p.^...l:) Lf-^^j^j J-— <^l viJLU <^LJL>. iL^ dUS ^y L.JLi«i-^ 

Jl ij— jJL oltll ^_^>^i "olfrL>oU JjJL>- (_5l**i ^js^'J • ^ V^J^ ^ V't^i J' <3j-^ 
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(1927), pp. 225 - 278. 
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Axel Anthon Bjombo and Heinrich Suter, Thabits Werk uber den ' j ^ Il (IT) 

Transversalensatz (Liber defigura sectore) (Erlangen: M. Mencke, 1924), pp. 23 - 24, 39, 79 and 
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JL^l gJLiu 4 J**JI \Jjk ^ dji\ J— ull J 4«JbJ Ujuj i(U»y) 38 ; 30'' ^yJl Jai- 

4pIl/9 J^ AJL^j Ulii J5wJ V 4»^i y^k^J c^b:^ oJLa iUL^ oU-jjJ^ 01 

IJLa ^ ^^S^ LJl /""^^aJl ^U L* jfUii- i.,^1 iJL-jJl ^y ciDlTj ^f^^\ 
Jp JUJJI j^- ci^ ^■*'*^(Paul Kunitzsch) Jt::Jj^ J^ fl^i J^l ^y U*>UaJl t^Sfl 
(^^ A^ *iljJl ^y j> c-j'rf^Vl ^lJLi.i-.lj *U> J^ 4JI ^U U ;JL-j ^_^ L. (jl 

Jly^) v-^U-l JLp- t^ytJl i^^^ ^jj^ j^ ,y^ (i! ^y^ obl^JLiMil Jp t^y4 
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pp. 60 - 68; «Tres notas sobre astronomia hispdnica en el siglo Xin,» pp. 167 - 179, and 
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Fontanals», Consejo Superior de Investigaciones Cientilicas, 1980), pp. 81 - 114. 

Paul Kunitzsch, «On the Authenticity of the Treatise on the Composition and '.j ia jl ("^1) 

Use of the Astrolabe Ascribed to MessahaUa,» Archives intemationales d'histoire des sciences, 

vol. 31 (1981), pp. 42 - 62. 

Jose M*. Millas Vallicrosa, «Los primeros tratados de astrolabio en Espana,» : jJiJl ("VV) 

Revista del Instituto Egipcio de Estudios Isldmicos, vol. 3 (1955), pp. 55 - 76. 

Merce Viladrich: El Kitah al-'amal bi-l-asturlab (Uibre de I'm de Vastrolabi) \j b.Jt (lA) 

d*Ibn al-Samh, Estudi i Traducci6n (Barcelona: [n. pb.], 1986), and «Dos capitulos de un libro 

perdido de Ibn al-Samh,» Al-Qantara, vol. 7 (1986), pp. 5 - 11. 
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jl j>>jj (Merce Viladrich) ^Jijjj^^^ cr^j^ <^^ J^ (J^^ >,-■■■■.■■ J 1 Ul . u-JlXII I JLa 

J^p* ilL-j 1^>-I^ j-iUJl jj-JjiJl ^jU> OJL>«I-.| ^^JLJI jJUail jJh yrft.MJi ^2^1 Cj-^US" 

11^ ^_;jj^ ^^ jijj ^Xfi- >>,... ,^ «iJLISj t i^j^i c-»Vjia-^Vl oULkd U-J Oi^tj^j 



aJj! Oi . <Siai\ 634>-Vl ipll^tf JU ^ ijjJ\ cj\X-y:...» j-iUJ! j^l JL^ JUiJj 

JU>: 6^1 L.lj ILL- j^Jiil ^^^SOLiJl Ul y^j) jU^l j^l JJ :b^l^^ c-»^-J^ S^^^^Sfl 
fijjb «-.»^^ ^1 i^lfJI *-:^jc>Jl ,2^ .(^_^JljVl JLp-Uo JLij US' oLV^^k^i /uL^ j>j 
^j]a}\ Jl jfi-JHj P^ciXJl (^j^iiil IJL* jlLh^ j^ Ifi^ 0^^ Jui; c..w..rt.ll j-« Jju^ ^^jjl-l 
«-*-Jl ^1 jlS" c 41f>- ^j . jJi jjP ^j^ ila-*!^ tjU-,^1 ^2;jl <5i^ 4jp* iJLj» \^L 

(_^JJI jLfi-b .^-^1,^1 f<y^ in^ULl »t5LLaJl i^L^ J^p- *^jy^ J-«^ Jj^ t-Jl5' 

/""^^^V^L-^Vi fl ^ ^y (^j^« y^^^ -i^^^^ 5^bj ^ ^< <T^i>^j 

Jjl^ (> 'cr-^' ciW^ r^-r^^ J! ^M ^v^l^ <i^l^l ^^^f< ^^^ t5>^j 
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alfonsi,» in: De Astronomia Alphonsi Regis (Barcelona: [n. pb.], 1987), pp. 105 - 116. 
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ft 'ihn al-zildl of Ibn al-Raqqam,» Zeitschrift fUr Geschichte der Arabisch - Islamischen 
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"^"^ ^ dnrf Jy^ «^J^^ j^ Jt^ ^LU3I ^ Ji U^Jb L. IJUbj h{{^ji\) ^^JiiJl ciJUli 

. aJbJL>- j-^jUp uiLilS'l jUkJli U-jjJa* iJUdJi 

. itjLJJ y^P i^iU-l d^L Ux \jJS oibjl ^JuVl ^ 2LJUJI oU-UJi oL-\X*:l 
^■^^ u^l c5* '-^ '^Jy*^ J^ J^ (>.^ ^Jl^Vi ^Ij^l ^Ul -L-lS" t^JJl ^jlU 

IJUh «o>*-;i-s^l»j . JlijjJlj .^iJL>- jjj Jp OLSJlDI 4jJLp ti^L^l OjJLlI ^_^ LAjji» 
iiwiJl ^j - t^jjl^LlJllj i\jj]aj J:^\ jLfJrl ^j - «4Jlij^lO U^iwu t^Vl 
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Lutz Richter - Bemburg, «Sa*id, the Toledan Tables and Andalusi : J iilJLa- ji^\ J-»-iJl J^\j 

Science,» in: David A. King and George Saliba, eds., From Deferent to Equant: A Volume of 
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Kennedy, Annals of the New York Academy of Sciences; v. 500 (New York: New York 
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aJLa oiiCl jSj . jL^ ij^^\ Oy^\ ^jlJbj jJLp AjIjJI L)ji]l 4jL^ ci'j^ tflj^Jlil 4l^.....U 

5JLiaJLL»j Ak*-J^^ ^ SJbJLp- aJIa _)^I^ ^^ cJiJ! JLili . aJUJ oj! ^ >^...."; 1 ^Ij 
(il -"^j t^S ^J^ tAi-j .^JijSl! ^ oUill Ji^^ aJU^ c-o«IjJ j^ ^j .iUL-Jtlj 
c (/» \ • ^ Y cS) JljjJJl j^^^-j (^JJi /t-s^U j2;j ui--*:*- (2r! ^' "V^ »-jIi5' t -U^y (H>^ V^^ 

A^j^ : aj^ a^Uj j-s^Lp" ^i^ ?^dJ-* jJ^ '*^ ^^^' twiJjil (1)1 U^Sj J--U- JLili . aJ»j3 

t^-M^lj J-^-^ jU^...^ /«-^L^ jjjl »-jU^ j^ UJ^' j-/?''*.^i (jXl ^4^T...^1 ft J 4jjjCL«,u«j 

l/^lj^) ^^\^\ oUUt ^ AjjjtlwJLl A3Ui3l L^ ojlp ib-^ djjill tiili JiCi JliJj 
(-cL^lji ^ <^^ jiLfl-« ^'L^.^ ^1 4^1jjJl iWl ^IjLp*i--<Ij Lziro ^e /fl,s Cruzes (-jIiS" 



Julio Samso et M. A. Catala, «Un instrumento astronomico de raigambre \j — la — ;1 (VI) 
zarqali: £1 cuadrante shakkazi de Ibn Tlbuga,» Memorias de la Real Academia de Buenos Letras 
de Barcelona, vol. 13 (1971 - 1975), pp. 5 - 31, and David A. King: «An Analog Computer for 
Solving Problems of Spherical Astronomy: The Shakkdzlya Quadrant of Jamal al-DIn al- 
Maridi-ni,» Archives Internationales d'histoire des sciences, vol. 24 (1974), pp. 219 - 242; «A 
Survey of Medieval Islamic Shadow Schemes for Simple Timereckoning,» Zeitschrift fit 
Geschichte der Arabisch - Islamischen Wissenschaften, Bd. 4 (1987); Islamic Mathematical 
Astronomy; «Universal Solutions in Islamic Astronomy,» in: J. L. Berggren and Bernard 
Raphael Goldstein, eds.. From Ancient Omens to Statistical Mechanics: Essays on the Exact 
Sciences Presented to Asger Aaboe (Copenhagen: [n. pb.], 1987), pp. 121 - 132; and «Universal 
Solutions to Problems of Spherical Astronomy from Mamluk Egypt and Syria,» in: Farhad 
Kazemi and R, D. McChesney, eds., A Way Prepared: Essays on Islamic Culture in Honor of 
Richard Bayly Winder (New York: New York University Press, ^988), pp. 153 - 184. 
Roser Puig: «Conceming the safiha shakkaziyya,» Zeitschrift fur : jJiJl ; JUjjJl ^yL>L^jL^ J>^j 
Geschichte der Arabisch - Islamischen Wissenschaften, Bd. 2 (1985), pp. 123 - 139; Los tratados 
de construccion y uso de la azafea de Azarquiel, Cuadernos de Ciencias; 1 (Madrid: Instituto 
Hispano - Arabe de Cultura, 1987), and Al-Zarqalluh, Al-Shakkaziyya - Ibn al-Naqqash - 
Al-Zarqdlluh, Edicion, traduccion y estudio por Roser Puig (Barcelona: [n. pb.], 1986). 
Institut fur Geschichte der Arabisch - : J-J ^ ^ ^Ao *U SJU^jJI UijJi^l cjjJS (VV) 
Islamishen Wissenschaften de TUniversite J. W. Goethe - Frankfurt. 
^\ j^ JJj ^Jrr':^^\ jUJL. ^ xA ^y JU.^ j_^Jb »I^Vl yliS" J J^J^\ t-«JjLI j_^ Jjj 



rvt 



jL^jA «u Jl tj>^ii ^LJ ,_^ L. oLk^ll jj^ f jl5j (.i-wj^ *^Vl oUJ» i-jbr ^ 

.yLp t^iU-l j^l ^JLi! ^ ^h^^J v-JaJ'j 

^ ^ ijj^ 4-— *Jl ftJU iJLj i Ujlj i iilLi Y (j,\j^ c5j-^' (il ^SU;\I aJla ^ <jv-JLAl 
^j^, JUil IJu^ j>j .Oj.wU-1 JytJl Jl jLL-Vl ^ .^Lp t^iLLl 0^1 ^ idL 

C5-^ LTi o^-r^' -"^ •^^^ -^ ''^ ^-> '^*^"^' '^^^ oLknil ,^;^ JiaJLlJl J^U» 
.^^l ^1 J5JI cl^ 5ybU3l J ^U tiJDij (f ^ •A* fU J^l) JU^ 

L^j^t ^1 SH ^yb ^^JLjVl yu iiiU-l OjJULi 2L^^I ol^l (^jl^J 01 

^ liLuJli j^ (f ^ *Ao - S •A\) jjjll vJ-^^^ ciilll :a^^ .y>rj Jl (JL^I II* 
^ aJU-p! v.-l'T (_^ JUl t A>-L» jjl ^^--^1 cij-JLiJi iljL^I JL-* ^1 j^^-^ijjJlj iia-^Jj-u* 

tA^ljip- t^^-* 'Viy ^^ cr^ *(>^3^^ '<Jj^' cr^^^' J^ ^y* ^jy^ 6^ }• 
jJu f^^\ iJufc ^^ }'''^\\j:^ Jp Jj: ^I S^QI jJ> jlJL-SII ^>*jj JUSCl-VI 
JU5a-Vl U^ b\ ^^^^j^ ^L2ll .JLa 01 .c-.lisai iJUb ^ ^li. ljuj\ cJLijri ^ 

j^U<all *JL* j^ jj-«j . U--,<>Sfl oL>L-il qJuu Jl iJL^l c^^l j^U^ai ^i ^ j ^ -^L * 



Juan Vemet and M. Grau, in: Boletm de la Real Academia de Buenos : JL«.^t j^]aj\ (VA) 
Letras de Barcelona, vol. 23 (1950). p. 261 and vol. 27 (1957 - 1958). pp. 257 - 258. 
J. Djebbar, «Deux mathematidens pen connus de TEspagne du XT siecle: Al- : jJLJl (V^) 
Mu'taman et Ibn Sayyid.» (Paris, Universite Paris - Sud. departement de mathematique. 1984), 
(polycopie). 

J. P. Hogendijk: «E)iscovery of an 11*** - Century Geometrical Compilation: The : JiuS (A • ) 
Istikmal of YiJsuf al-Mu'taman Ibn HM, King of Saragossa,» Historia Mathematica, vol. 13 
(1986), pp. 43 - 52; «Le roi-geometre al-Mu'taman Ibn Hud et son livre de la perfection (Kitab 
al-Istikmal),y> papier present^ i: Premier collogue international sur I'histoire des mathematiques 
arabes (Alger: [s. n.], 1988), pp. 53 - 66, et «The Geometrical Parts of the Istikmal of Yiisuf al- 
Mu'taman Ibn Hud (11*** Century): An Analytical Table of Contents,)) (University of Utrecht, 
Department of Mathematics, Reprint no. 626. November 1990), reprinted in: Archives 
Internationales d'histoire des sciences, vol. 41 (1991). 



rvo 



. ij^Cllj 4>*ia-JLl Jl^CJiSfl ^LJ J^ 1,^^ ^>.» S»fl ^OL-j - 

.jJLp *^l^l by^\ ^ tl^-i tytJ d>.j.>- ^IJlJu ^y lij^r*-* <^^ t^*^^ «-jb5CJl IJla j^^-ijJili 

oL^^ Jl iiU^l - ^Vl lJL*j . iuL*P- oUl^ J5Li Jp c-j:5C: ^I ^IjlpVI ^ 
c^Lp t5iU-l 0>J1 JJ cJ^ JJ ^JiiVl (1)1 JSyi - ^>i>JU JUic-'yi ^1^1 ^_;^ 
(Nicomaque ^^1 ^j-^^Uji-J i-rfLJ-1 t-jliS' ^SlU;..* ^li* qLJ-l «^-j>»Jl ^y IjlU; 
jj^ Aip cJyu (jS}\ JL-» ^M j»j^Vl J^l fj^ . 5y ^>i v::-^Ij <^y cJ'iJi de Gerase) 
<>*J Lt'Ji^J^y^ Cj\i^jj»^\ *--»ll^ JLliJ ^ c-»U^I IJU ^j . <*-JLl4il ^ ^ 4 »t^l 

Jl i,f»^...2j) <ij\j^\ »^JL*J ilL-M^ n^jLl IJl* ^y tU^l j^ US' .4J*j^p«il f^^kiU 
t ^ "^0 • ^UJI ^ (Plooij) gjjL j^ JOU . ci^U^I ^ J^\ <Jj>- vilU: t^JUl yfc 



Edward Bernard Plooij, Euclid's Conception of Ratio and His Definition of ij !^ il (A^ ) 

Proportional Magnitudes as Criticized by Arabian Commentators (Including the Text in Facsimile 
with Translation of the Commentary on Ratio of Abu 'Abd Allah Muhammad Ibn Mu'ddh 
al'Djajjdni) (Rotterdam: W. J. van Hcngcl, [1950]). 



ry\ 



j_^ ^J^*^\ <J>jfi- (5iJl «ratio» Jl ^j4«l ^j*Jl oU-j^^l <LJLm ^_^ oU <aU- J5wJ 
^> U^ J^l IJl* ^.fiu t^^^^(Murdoch) ^j^ja ^^..^j . J^^Vl ^ ^_;-^UH c^li^l 
JbJi^ p^ji Jp JjJ (>^jy>j> <3U- Jjl (iJUjJl oL-^L^I rj^) t5>4 4iilJLJ-l 4jIp 
^I ^y^ ^j i(i>-l A-^V^ ^yj .(Eudoxe) ^j^j^j\ l^L^ ^^Jl «^ — Ji SljL-u. 
jl_^ijJl li jLi-l v^ (^- ^- Villuendas) ^j^IjUj^JLJ . «J . a jJtJj j»->-^ t a^\±>- 

^.Wt...;j .(Ai*JLi- ^> Nl cilUJl jJLp Jl SjLil ^li^l IJu ^>.-^. "jl) dULiJl jJU ^ 

^ <^j^'j J>«^ V'^) ^M' |«J^ «>e'^ f ^ V^ ^-J^ ^J v^'^'VjUi^VI 
JiLi yli^ J U.L- cJir JU^Vl tJut ^j c^'^"'\f \Yri fUJ J.L- <i^ ^Jbt 

.^>JI ^.JJI j-^ ^Ik^l 

^yfc oLjk^l ftJUfcj .jJLp (^iU-l l)^I ijlJbj j-iUJl 0^1 <jL,i ^ cjj>- 

>■ li>j^j (Geber) jA^ ii>j-^j a^jSII oL-«XJI SJLpLJj (sinus) 4**i-l 

:(G ;jjl_^l jt^U cABG c^liU ^y) iJbJl obfc^lj (tangentes) iw-lil o^^j (cosinus) 

sin a _ cos G 
sin b cos g 




«Euclid,» in: Dictionary of Scientific Biography, vol. 4, pp. 414 - 459. \J^\ (AY) 

M. V. Villuendas, La Trigonometria europea en el sigh XI: Estudio de la obra de :^1 (AV) 
Ibn Mu'adh: El Kitab mayhuldt (Barcelona: [n. pb.], 1979). 

Abu al-Rayhan Muhammad Ibn Ahmad al-Birum, Kitab mdqalid 'ilm al-hay'a: La {M) 
Trigonometrie sphirique chez les arabes de Vest a la fin du X" siecle, edition, traduction et 
commentaire par Marie - Therese Debamot (Damas: Institut frangais de Damas, 1985). 
Marie - Therese Debamot, «Introduction du triangle polaire par Abii Nasr b. : jJaJl (Ao) 
'Iraq,>y Journal for the History of Arabic Science, vol. 2, no. 1 (May 1978), pp. 126 - 136. 
A. P. Youschkevitch, Les Mathematiques arabes (Vllf-XV siecles) (Paris: :^ h ;l (An) 
Vrin, 1976), p. 175. note (81). 



rvv 



tg b COS G = tg a sin B 
tg b cos A = tg g sin B 

^iJL>J (jj}\ vlDS ^ Uli ^.ih^ JbJL>- obli^ jJLp ^Ul v'-^i^' J^ Uj*>J.I tJjk 

jJia:!} U^JJ oV,^4^l i->liS' j^ ^ «^>r^t oLix*il ^j^ OJ . (Tabulae Jahen) 
^iJUj ^2r^ ^Utm... aJL^ ^^J *cr^ tilt* ^la>w:^L «^Jjtil J^^S" S^d^ gSb; Uaj! 

j^iil iLic ^1 J^ ^ j± ijL^ ba^ 0^*l ^j }^^^j^ y\ l^JL^w^l ^1 

j-« ^J\ <Jp c (Regiomontanus) ^>il^j-«j^j ^ ci-^' ^^ triangulis t-^liS" ^y 

v-^wj^rj v^^ <-•— JL cc-aJjII t^....>. t4-ip Jj-^1 j»J c(r = 1) JIp-I^ jL-^ f'U-tJl 

^^1 jl ^ . 4»1...« - i^jj^j^^ ffjj f^ Vt4"' JjIJ^ a]a^\jj ^j^ J^ aLUII jt^l 
^1 89;15^89;30^89;45^89;59« Uj>ll Jt>Ui ^ JjJuUl IJL* ^T ^ hW^. iU-. 
JjSlI Sjil ^ybj (Interpolation quadratique) ^y>^^\ JUiu— Vl iijjJau Ut^ J-*^ 

(Liber de ^^'^J-JJI yU^ oL^ ^y iiJUSj ^uCLjjI^ u^l c-.L-i>.l ^ jUiCiM^Vl 

. crepusculis) 
{jA SjHj .^^^^\ «JL^I ^ ^^ i^LiJ *^ UAjI i^L^l 4.^^;li cJwljJ JiiJj 

^l JUpSII Jp U^ iJL». :L-jJl. oljUjJl Jp JUkll jlpU aS'j. c^L^I :ui4JL 



Samso, «Notas sobre la trigonometria esferica de Ibn Mu'at/,» pp. 60 • 68. : ^1 (AV) 

Debamot, «Introduction du triangle polaire par Abu Nasr b. *Iraq,», p. 132, '.j la W (AA) 

note (30). 

Hairetdinova, «On Spherical Trigonometry in the Medieval Near East and in : ^JLJ) (A^) 

Europe,» Historia mathematical vol. 13 (1986), pp. 136 - 146. 

Doncel, Liber de crepusculis, : jiiil ( ^ • ) 

Bemard Raphael Goldstein, «Ibn Mu'adh's Treatise on Twilight and the Height : jiu\ . (jj\js^\ 
of the Atmosphere,» Archive for History of Exact Sciences, vol. 17 (1977), pp. 97 - 118, and 
George Saliba. «The Height of the Atmosphere According to Mu'ayyid al-Din al-*Urdi, Qutb 
al-Din al-Shirasi and Ibn Mu*adh,» in: King and Saliba, eds.. From Deferent to Equant: A 
Volume of Studies in the History of Science in the Ancient and Medieval Near East in Honor ofE. 
S. Kennedy, pp. 445 - 465. 



rvA 



jL:>- oJLt oLJlJL>-)/ i--J ijj.*.^lj JL:l*JLlJI ^IkJ J^ ft^J.! t (Tabulae Jahen) 
^1 jt Jl ^j . iU»l v^Ua** Ubt i^j^ 4>Jlj c^^^^^^^^l li* ^tj kL..4 (Jaen) 
jlj i VHrf^' ^^i*^' a* 77 ; 55° Jp ^^-.^1 ^j\l *-^. ^t^jjj^^ J*^ <> '^^ 

i>.jj jJL; tJLpL/» t^^l "-^'^l '^ W J^' ^'^} c5^' ilkll* JjlJL>- (Jl 

jAj (tJLJjjjH UdjI jlpLs^ ftU-^ i^JJl) JlijjJl j^ J>— I ^I V "^J^ t^k" J-^ 
(jOL^Ul c^U»t JjlJii-l oJUh iM*lj:> ^ .j>->»^l J^ j-^ ^_^Jl:1 ^^^ ^U j^t 

^j .^1^1 ^j JjIOp- ^ •^b AjJj j^ (^iJl ^jjJia^ t>- J^L^ UlJL. 
l»^^>cJl S^ j\y:j^\ t-»LMJLs-lj iiJLidLl JjlJbtl O^i ''^b .f^^l oUlJb-l JjlJ^ 
<^j...;U Liber de motue octave spere c-jbS" ^^ UajI ^J^^J *j^^V^J JLi^l* Iij\^\ 

Jl JUL SJULpj tu^Li^l iJUb ^ UiLw. 0^ JLii dUJU tj^iil Liber demotu 

^^ JUj^l Ol «^jyJili . oljLiP^II ^j^ ^^ l^^-^ 4JLJI ci>Lk*il ftJUh (1)1 

Aj...M » .t..li hJeciS i}j>- ijAAA c->liS' ^y*^ a^yry* J-«-^^ 1*^ ^^ cJlS'j . M'y 
j^Uajo j^ l5*^UaJl L-*j ji J^^ 4_,i t A^LkiM ^yaJlJ ^Lj JLju <1)I (Toomer) yty flial^l 



H. Hcrmelink, «Tabulx Jahen,» Archive for History of Exact Sciences, vol. 2 : j_Ji_Jl (^\) 

(1964), pp. 108- 112. 

Comes, Ecuatorios andalusies, Ibn td-Samh, al-ZarqdUuh y Abu-l-Sait, p. 92. : ^1 (^Y) 

G. J. Toomer. «A Survey of the Toledan Tables,» Osiris, vol. 15 (1968), pp. 5 - : ^1 ( ^D 

174. 

MiUas Vallicrosa, Estudios sobre Azarquiel. p. 241 . : ^^1 iM) 

G. J. Toomer: «The Solar Theory of az-Zarqal: A History of Errors,)) \j la W (^d) 

Centaurus, vol. 14, no. 1 (1969), pp. 306 - 336, and «The Solar Theory of Az-Zarq51: An 



rv^ 



^j .L.^ L.U YV<1 J!>U^ SJi^lj iurjJb i^ULl l^^ jOi dj (85 ; 49°) ^ ....tJl 

ciJULiJli i^-Ji) iS'^p.i. 4Sj>mU ^\ja \i L..<>.t L>.ij*jl ^_,SCUII IJu jt-^j aii 4 (^^1 if>- 
gySfl v^j ^> ij^lj VLSI it^o^ ^ij^Vfl l-i^j (,J^\ 5:^>^^1 4/ ^J^^ <>^< 

jL^Ij jui ( jiijjji j^i U5) Uut j>t ;^jJi ^j^y^jS j:sj}\ jj j^ jbu u^ 

^^ Jiljj o^ Jl JjSfl i^rjJLJL Ajju jOj^Sfl iJUb ^_^ (1)1 Jp Jjb llfcj .^j\l 
Jjj IJu . ^jMjSjL^ f bt Jul. Oj-<U1I 1^jw»j ^I ^JlI j^ ^^^^.^1 cil^Vl ^i 
6^,.^ ^ ^J,\ ^ ^^^,-.^1 cJi^^yi UJ ^LJb Jtai ^JJI J^L JUj^Jl fU 

. (L^- Ujrr 1 ; 58) 

.(Uj;»- 1 ; 58) j^iil Jaj--jJl <*J .-.jUJj jUI cil^M U3li Ul^l Jaj6 ^'''^^iiyXi 
<1)L Jji; ^1 (L. Richter-Bemburg) fjj-*j-* - ^j . J <r^y a;- f^^yi ^^ J^ <^l 
J^ Jj '"<f ^ •V^ - \ • Y'l) jlpU ^li)l SU- i.lr eF» '^ ^^JM» Jj^-*^ (> (>^> 
oL ^ .1.^ t(f ^ OA) ^Vl oU*i oliT v^jil IJu ^I ol JL*. VJ IJUi ^ cJU- 
jl i-^UUl 6iU»ji ^ jl«iaj ^^Lp J>^^i (i^jj^l <^,>^ ^J ♦ JjI*a4"^ ^^ ci^ ^^ 

<. :.il <iJkLl\ J^ JL^l kM\ ^ c^iaJLU JJlJL;^ Jl 4JLpU» Ji> ^Ujl Jp 

JUj^l 0^ c)I Uajl ^^ySCJl ^yj . Jj|jUt.| *^ -J (1)1 JLju l^ ^U Ji (3^ b\ Jl*i4 

JiOalj V ij^^jS" oL.»>- iaSL'j Uflj[t LjLaj (4j«Jjilt iJll-ii AJhy J-aAj cJaA>- j_^l) 

^^Ij 2^JlIj i^^LjUl oUl^^l cJl5 ^ i^^'^^UIauU* JjlJbr i»5L-j ^ llsb 
SyfcjJlj 4(Ujjr 2 ; 48, 48 j\ U>r 2 ; 51, 23) Jj^J ^ JT oUl^l d^j t4, Jl^ 
^j*^" Jl>J>Jl S^ o^ /^^^<L^I jJLJ (U^^ 2 ; 51, 26) ^jOipj (Wj>- 1 ; 03 , 27) 



Epilogue,» in: King and Saliba, eds., From Deferent to Equant: A Volume of Studies in the History ■■ 
of Science in the Ancient and Medieval Near East in Honor of E. S. Kennedy, pp. 513 - 519, and 
Julio Samso, «Azarqmel e Ibn al>Banna,)> in: Relaciones de la Peninsula Iberica con el Magreb 
(sighs XHI - XVI) (Madrid: (n. phji 1988), pp. 361 - 372. 

.(^>l) . JUj^ CjiUJI ^\:^ (<\-\) 
Richter - Bemburg, «SaHd, the Toledan Tables and Andalim Scienoe,» pp. 373 - : ^1 ( AV) 
401. 

.(^>l) .lillUl-^dJ' jWU) 
Willy Hartner, «Ptolcmy, Azarquiel, Ibn al-Shadr and Copernicus on Mercury: :J^\ (^^) 
A Study of Parameters,^ Archives intemationales d'histoire des sciences, vol, 24 (1974), pp. 5 - 25. 
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(Pierre IV JjJ>ljS/l ^IjJl ^>-| JL^ <> f ^^"^^ f^ cr^ "^-^ ST^' ^>^-H 
Oj^ jSj i Jlij^l iJ^bo* j^ JiJLt -bl jJLj j_^-.«JJl iJiUi VjJL>- (^jj^ id'Aragon) 
/^'*^:bjl;3l JjiL JJ-li iL>. l^ cijUdI iJt^ i^jJLiJl o.>JI f^lJLi^L c...„t.->.| 



IJL* ^ /^'^^Goldstein) j^li^jJ^- W-'j^j tiJL-Vl Jl (Millas) ^!^ l^^^ L^-p 

J^ ^jl^ W^^ '^-t*^ «^^^— SGl Syb J-.1 C-. >4 C5^ "^^J ^ Jj jl ;>^ !^Ui-^ iJli 

oJUb i^lji 01 .(f'\oo - ^oi AiJL) 23 ; 33°j (L>- tj>-t^\ ^J^^ ^^, J) 23 ; 53° 
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.^AAV Al**< Jju ipj--J iJiUl* LJi JL^U iJljJl ^2;^ ^ j^Iil ii-ii-l ^^-.aJj ^j^a.lk» 

(_^j;ft lifli J^^ ^ c>^^J^ Jjl-^ iU-lplj (^^JLUfc v}y*^ jW^^ (il J^jj-^' -^^-•-^ 
^1^ j}>A j:j>- (23 ; 33, 49°) OjJbu- Ljl «^;-^ Ji^ ^ iOj^llI ^li.^ <_,:j^j 
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4,...,^.tJl JjIjJLI g-LUi.>>ljj . ^\j^ Jb- J> t>>«i--llj JLJlI c-^^I ^y Jc^l vl ii^ 
'jdj^ Ml ^ Jl*-JI IJl* ^ ^ U jU (.A^Jb JlSj^l il-^jl ^b: ^2r^ bj^ Jl3 ^^1 
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^_^^JUJl tJU-^ ^2r! (J^**-*^! "^*^ <Uj->Jl« UajI iUjiaJJll eJl* \S^d ^^-'^^^J iU^paJt 
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/^ * "^^(j. U \ ^ ^ ♦ 1 ♦ ) 0^ ^iwaJ Jl_^ ilJLL-l J-P <5jj»- ^J^J-J^ *^ oLLUD 



E. J. Holmyard, «Maslama al-Majriti and the Rutbatu*! - Hakim,» Zsis, vol. 6, : ^1 ( > • V) 

no. 18 (1924), pp. 293-305. 

Juan Vernet, «Alfonso X y la \Ji jySA\ ^)\ ^tU jlTj ULJLI ^^l^-^vX-^ _^I ( ^ » O 

technologia arabe,» in: De Astronomia Alphonsi Regis, pp. 39-41. 

Lucie Bolens, Agronomes andalous du moyen age, etudes et documents / publics : ^1 ( \ • 0) 

par le departement d'histoire generale de la faculte des lettres de TUniversite de Geneve; 13 

(Geneve: Droz, 1981). 

Vernet and Samso, «Panorama de la ciencia andalusi : ^j »iiJJiS'j ^jil li* ^ SjjS'JULI ^\^\ Jeu\ 

en el siglo XI». 

Attie, «L'Ordre chronologique probable des sources directes d'Ibn al-'Aw- : j h »l ( \ » '\) 
wam,» pp. 299 - 332. 



rAY 



/»ljjJl ^^i jt-w-l o«j!AJI ftJlft Jl * a;.,rtt .(Li»yl JLwj ^JjVl ^^ dJu» ftJiP ^^ Ji:J 
Jl5 ,^^ i^Dlj (yL^ jbJl djUl 2bL^ Jl ijjo <jbS ol Jb ^y) JLiu U-i ^U ^^JLJi 

•^ Jj^ *4=!" u-*^ • ^-^ ^'jj <-^Jl^ «J^ (>* l^J^ ^^^jljSII ipljjJl (JIp ^^^ 

jc^ ij^' H^ c>-j -^^^^^v^j u^"^ f^M^ ^^> v^ ^ (^^b JfM' Oi^^' 

iu^l i^^l j-^ i-^U- U^b cu--jL. ^1 AjZ^L^ilj v^J^b A^ll»jJaJl jlJUJI 
(l^x^fcidl (jUJjil J-* S^U bJlP jSjS a^xN\ j^UaI! jl . UaJjJl GeO'ponika oIjlLJl 
.dU-^l c-JLp1 ^y S^L. ^ 4ij^ j^ jl^ ^Ul IJla ^^ tjJUill oJLA cil::it Jl 

.ijJLL^I A^-^lj i-«J^) 0.%iJl J^ c5>-l j^Ua4 UljI i^JD^I j^Uail ^JL? US' 

(>• *^^J jjj^ ^' J^ t^j.„..U...% ^_^Jj *-^J-* Jl »-^j— *^l (J-* j1 J-^) Jj j^' c-^b^lj 



E. Garcia Sanchez, \jJ^\ uj^j.-AW jj^^llj ii»jJa^Ul j^Uall ,_;^ L^ ^ (\ 'V) 
«Problematica en tomo a la autoria de algunas obras agronomicas andaliisies,» in: Homenaje al 
Prof. Dario Cabanelas O.F.M. con motivo de su LXX aniversario, vol. 2, pp. 333 - 341. 

j[ ^^11 iJla C--J ^1-9- iJ^Ju ^jA Ki^\s L-ji^i iJbk Jl ijpij^i 0UJ3I1 jb-l v-^ 01 ( ^ • A) 

^^ c-iii- j»-^Uil [j\ t^UJl j^l ^j^ j,>4-lil r^j^h S-r^l "^^ -^ l#-J^I t^jl^l cT"^ <1;^ j*— UJl yl 

J. M. Carabeza, «Un agronomo del siglo XI: Abu-1-Jayr,» in: Garcia Sanchez, :^l ( W ^) 
ed., Ciencias de la Naturaleza en al-Andalus: Textos y Estudios, vol. 1, pp. 223 - 240. 

Attie, «Ibn Haggag etait-il polyglotte?» pp. 243 - 261; et J. M. Carabeza, : j — ^ )\ (> \ •) 

«Ahmad b. Muhammad b. Hayyay al-IshblH: Introduccion, estudio y traduccion, con glosario,» 

(Unpublished Ph. D. Thesis, University of Granada, 1988). 

Garcia Sanchez: «E1 tratado agricola del granadino al-Tignari,» Quaderni di : jJxJl ( ^ \ \ ) 

Studi Arabi, vols. 5 - 6 (1987 - 1988), pp. 278 - 291; «Al-TignaT! y su lugar de origen,» Al- 

Qantara, vol. 9 (1988), pp. 1 - II, and «Agricultura y legislacion islamica: El prologo del Kitdb 

Zuhrat al-Bustdn de al Tignari,» in: Garcia Sanchez, ed., Ciencias de la Nuturaleza en 

al-Andalus: Textos y Estudios, vol. 1, pp. 179 - 193. 

J. A. Bianqueri, Libro de Agricultura (Madrid: [n. pb.], 1802), reimprime avcc : ^JaJl ( \ ^ Y) 

unc etude de E. Garcia Sanchez et J. E. Hernandez Bennejo (Madrid: [n. pb.], 1988). 

M. El-Faiz, «Contribution du Livre de I'Agriculture Nabateenne a la formation :^l ( ^ ^T') 

de Tagronomie andalouse medievale,» in: Garcia Sanchez, ed., Ciencias de la Naturaleza en 

al-Andalus: Textos y Estudios, vol. 1, pp. 163 - 177. 



rAr 



• cre^' c^bi^l -li^ y^Ull jt^tJl Jp Ij^^j 



^ U J..r^fl.u ^ t^iUS Jl oUl tc^CJ .^Lp i^iULl OjiJi ^> ^\sS3\ JjI:jl. ^ 

11* ^1;^ l^^W ^ 6_^jjS/I -lpIjjJI pLJLp <JJb ^^JLJI (^^1 Jifri-I jjbj tipljjJl 
^^ (>dj^^ a^^ J^ 'ji^j' ^ ^^' ft-J^ j.>.2.>»."Jj . <JL^I ^^^inji J^ ULp jIjlJlI 
Jjb -ti^"' 'h^ u^ v^' (^J '^ (>• ^^^' ipli-/»j oLJl jJLp :l> Ij^ 
ii^^A^ ^ <,., ; , . y i ••Up c-^liS" ^ ^JUS/I ^y o-j! Jl J«/>j uh^JL*il ^t^lJ^^ ^J^ 

iJijl ^ ^y-iSCj ^jl ^,-iAj t..fly>./iT.ii iJufcj . IcJIls^Uj «ft_^bj tj^Lj^U Jl l^»;.uSr>j 

^^ al c-H^ tui^JLjSf! JIpIjjJI ^ULp Jp p-.^fl J^H^I jUl v-^-Kll IJL^J U^^ 
JUoj ^;^l l)1 t^AjL* JL>«li .oIjLJI ^,ay.../a't iJl—^ 7^^ J J^-^ Ij.*!*! p-^Vj-* o\ Jl 
4jj-Lm»Vi IIa Jp i^Jjjj 5JL>-lj i*^ jj> oIjU j^ *yi -^ M .^...wUrJl ol Jl j--1j 

^ j^^JUl 6IJLil lift sLiJ 1l^ i^lj^l |J~ tAval* toUl JIp U^ tcJa3l jJLjj 
2L--JI ol* 0^ d\j . ipljjJl j> c-il:^ t^J^j^^J' ^liJl t^l Jl iw.-J JLiiJ . ^^Ji:^l 

,_^ viJUU .u^ ^^ t^jUJaJlj JJljJl ^>il ol ^Ij ^>:j V tUU ^UiiJ UwJ»^ 
jjj -^LJjI (J^ j-^j ^j^ ^j^ -J^ dj--JjLJNl <^^jj^\ »LJLp t)^^ 01 u-jjjcull ^ 
L^\yL^\) jLJ)ll p-..^ oyjVl i.'>U-^Li .^j^Uj J^I^Sl ip!Ai-^^l ie>i. 
(.Mj tc-jl^l) oujVl j^^jSU.1 j-^Lio cJxs^\ JLi (^aJIj tj,-iJLJlj c^bj-Jlj 
Ob^ 0U>« <A^jVl j-^L«Jl ftl* ^ J53j .j^l 01^ ^U-JI J^j (j^b i^i^b 
4(<wJ»jj jU- 9-\j^\j ^:>jltj v^j ^iit ^<-iL>-j ijL t->l^l) ^j^i^^ JUU: Jl 
Ol i»t:)U-Vl ;i>j Jjilj .(UJiUlj SjU-1 jUU li!^ ^v^jj jb-) ^U^l «^liii--b 



Bachir Attie, «L'Origme d'al-Faldha ar-Rumiya et du Pseudo - Qustus,» '-j—^ II ( > M) 

Hesperis - Tamuda, vol. 13, fascicule unique (1972), pp. 139 - 181. 

Miguel Asin Palados, «Avempace Botiinico,» Al-Andalus, vol. 5 (1940), : j la Jl ( > ^ o) 

pp. 255 - 299. 



TM 



^y>J^ d\jj i<juji\ I»!5^Sll ^jjj dj\y i3ll» dj^ {aXS' UJLm- 0^ (ji-J)/! (•— J^l 

tiplj^l ^y 4--uii !jlJlI jJ» JLiSj .^^Sll Jl ij^L bfcJb-I Ojly Jl^ UjUp jI^; 

. ^j^^l j%— >■ /LA ^^wl j,s^llP aJUIxj ^llaj Ls^l ^J>w«j ^_yJl 

<Jui! V, .->■ aaSj* Li»^l>-I ijUU i2Ji ^j^J <l>j— JjjSll i^ljjJl ^UIp i^jwajj 

V ti|T..,,W* ;iJiUij sj^jLli t:u^ii .;j^i ^^^^Ux^ Jp ^Ij L^ ij^j o-j>li 
^) :u>^lj (iU^l ^ dJUis-j .l^lj ^^^..wUI ^) Sjl>l ^ VI ^- d\ U:iU. 
ajJL>- ob^^ <JjJ>J4iJ v'-r^ J-'"^ t tf/...rt7| Oj*pljjJl pUlm}\ «ililjl ^jiij .(^lll 
^Jp iili ^^J.<k:jt4 iipljjJD ii-U^ j-p cJijJl «iJJS ^_^ ,rr*^ cJlS" ^j^ljl ^^L,ai*>»V 
o^l J-*^ t^JUl ^JL^'^^\ jlUiJD IjO-^- JUi iviJUS Jl oU-l .'ti^r^l i»LlJl 

4*«ilj oLLls^ U^l JL>«J LiJ . 4jj-,a*J1 .^Ijilj i^l AjjJI aJL* ij>l JJ j2>i-«**^ ^I.>j-mJ| 

oUjjjll c-^jLj tt>j^l i^bp ii^^ ^bip'yi oLJS; Jpj jj JULl Jl ij\J-\j ^\ji^\ 

^W„i>j 4.1 ..rt d • /*-w' (^J tisU-.Jl fl^l i-a.b.^^ ^-ia,M,./^ll C^^Mjl^ Jp t5^p-1 Sjjt /tijj 

jj^l ^ Ml Ojj^jjjil ftjjL>*ii 1 L*tJj t«-2j 4^ ^i >^ j-^>i <_r^J^ *■-.■ ■■■>■'>• t<L-JjL* Ml 
j^l eiJj^ oL ^Ul j--^u^ JUlII iJUfc ^yj . ^Lx^\ JLp j^ *-. ^^ *^b}\ 
OjiJi <^ft.^.r.4 JULP A*-JjiJl Jl jt-j ^yj t4JLu-Ml Jl ^y jJ apIjjJI /JLp <y H>*^^ 
xiljj M iJj^l Ji3 ,j^j:S\ ^[a d\ Jl ^y^^j .j-i^ *-u-Ul OjiJi a^Ijuj ^^-1p jj^bJl 
IJL* ^ Si>>-jll oLvSill A^] Jl ojLiMl <>• -J^ Mj . VjJa; j^l^Sf UJI c-:>«j (^jJIp 



Thomas F. Glick, Irrigation and Society in Medieval Valencia (Cambridge, : j li ;l ( \ M) 
Mass.: Belknap Press of Harvard University Press, 1970). 

Jaime Oliver Asin, Historia del nombre «Madrid» (Madrid: Consejo Superior : jJaJl >V) 
de Investigaciones Cientificas, Instituto Miguel Asin, 1959), and Henri Goblot, Les Qanats: Une 
technique d'acquisition de I'eau, industrie et artisanat; 9 (Paris; New York: Mouton, 1979). 
Leopoldo Torres Balbas, «Las norias fluviales en Espana,» Al-Andalus, vol. 5 : j^l ( \ > A) 
(1940), pp. 195 - 208, and J. Caro Baroja, «Norias, azudas, accuas,» Revista de Dialectologia y 
Tradiciones Populares. vol. 10 (1954), pp. 29 - 160. 



TAo 



^ O^ ^1 j_^LJl X^y!\ Cj"^j\jS.j . P^ J*l]a>Jl i,|Jb Jl^ c*^ ^ JJl 0^1 j^ 

L>j.ft-. 4 ^ er^>* f»-f--*J <- ^t-in-J'Jl r>^^^ oNLf ^ ^;^JL«L»Jl p-L^-LJI ^ iJLiJ 
. >» \ Y ♦ £ ^UJl ^ 4jLij <_,:l?-j /• ^ ^ "l*^ /»UJl jL:;-* ^^-va.- (_^ ,^1-p t^Ul (Maimonide) 
^y 4—^1 Ai^\l\ AiL^jr t^-i^l (^^ ^V£j ^ ♦ IV ^) jIjlII <-^I iaJLJl _^I lju\ ^^Uj 

OlS" c-»j-iil V^^** c?-^ 6-^ V-H^' c^-^ (Cosmographique) fy>j)i\ j*JU ^_^ Jl«U- 

c-JoJl rt-ip ^ '%^ l^;^ ..^ ^^^w?...U ^ ^LiiJl jJLp ^ <iL-j tdjill Jjiji jj^ i-JlS* 
f-jiij JiJij ^l J-i ^ Jju UJ oJi-_^ ciJu-wftj /v^li t(_^jlyfcjJl j»-^UJl (_^1 jJL?- li^ 



A.L. de Prcmare, «Un andalou en Egypte a la fin du XV siecle: Abu-1-Salt de :^1 ( H ^) 
Denia et son epitre egyptienne,» Melanges de Vinstitut dominicain d'etudes orientales du Caire, 
vol. 8 (1964 - 1966), pp. 179 - 208. 

«Abu Hamid,» in: Dictionary of Scientific Biography, vol. 1, pp. 29 - 30. : Jiu\ ( \ Y • ) 

iJjJLi^ ^ (I. Bejarano) y\J^>y, . I tf«Jul JLju j1:3 1 t,\jj:$i '*^^^ fy^y «t_j^l» 015" jlSJj 

. oU. VI JI CJ^yj ^1 JJL^ t^yi t \ ^AV ^U 



rN\ 



(^T^)-. 



^ja}\ J o^>j J^ ^1 J5LJIL UU ^\ ^AjSfl ^UxJI jJLp jl ^1 
ailj J.I JUpSf iUSai (Addenda) UU)!! o«*^l ^>. ybj ,^\j^ ^li .o^i^LJl 
U^" . c^LJl t-tf/../i7 i3L-^ J^p- v-JiS* Ji cSijJiAi Ljil jju j_^1 tjJUxJl jjl^ j_^ 

;if^i J^ U>^ ^ cjyr j^\ v^u^^i j!Aia:i :ika; cJS ;jLii aJuj t^^^^^LiUi 

J.>Jl ^^''^(f \ Yi • - \ \nn Jl^) Ja^\ ^L-Jl ^Ij ^^'^^^UJI JJL* Oj>T 
JLf ^ t <..,.<^1 iilvaJl t^i t p .bull ^l^l j2H^ c-jL:^ j_^ JLf-i OjiJi 11* Ot Jl 



H. P. J. Renaud, «Notes critiques d'histoire des sciences chez : ^1 i ^tX)l IjLk Jj?. ( > Y ^ ) 

les musulmans. I. Les Ibn Baso,» Hesperis, vol. 24, 1" - T trimestres (1937), pp. 1-12. 

M. Levey, in: Studia Islamica, vol. 6 (1969), pp. 98 - 104, and : J oNJb- ^^1 jU^Vl Uaj! ^I 

Journal for the History of Medicine, vol. 26 (1971), pp. 413 - 421. 

^.^ II? I III I o Jii 4jjJ15CjI or^ (S. S. Souryal) JIjj^- . ^ . ^j-j (M. Levey) ^y^J . ^ ^D jJUj 

/^muj, vol. 55 (1968), pp. 134-166. :^ SjjJLi. i^^l .Jlaj . J.»jJI IJLfl i^^l ^LJ^I ^ ^^ 

Estudios sobre Historia de la Ciencia : ^^ oJiiSLl ftJL^J 5j.M»i« i^y (A, Labarta) l^jLjV . t ^^ -Ul j 

arafce, pp. 181 - 316. 

A. Labarta, in: Actas del IV Coloquio Hispano-Tunecino : jJiJl i.^J^J%^ ^\ j^\ ./i • Jj-^j 

(Madrid: [n. pb.], 1983). pp. 163 - 164. 

Asin Palados, «Avempace Botanico,» pp. 255 - 299. : ^1 ( \ Y Y ) 

Max Mcyerhof, «Un glossaire dc matiere medicale de Maunonide,» dans: : ^ L :i ( \ Yf) 

Memoires presentes a VInstitut d'Egypte (Le Caire: [s. n.], 1940), vol. 41. 

Max Meyerhof and G. P. Sobhy, eds. and trs., The Abridged Version of«The : jJkJl ( > Y 

Book of Simple Drugs» of Ahmad Ibn Muhammad al-Ghdfufi by Gregorius Abu'l - Farag 

(Barhebraus) (Cairo: [n. pb.], 1932 - 1940). 

A. Dietrich, «Quelques observations sur la matiere medicale de Dioscoride : ^ U ;l ( ^ Y 0) 

parmi les arabes,» in: Oriente e Occidente nel Medioevo: Filosofia e Scienze (Roma: Accademia 

dei Lincei, 1971), pp. 375 - 390. 



rAv 



^\ d\ jA-i t^ljJ) ^j .^^'''\t^\i ^) :ai^!iai Jp l^\ <JiSfl ^yuuj (.Ixiwll 



(NYA) 



. 4^Sll ^ Jb^l A>-L ^^Ij JLtj ^^i Jl ij_^*«dl ^^...^^...t.H cjUSCJI iU»jI OJLfjl JSj 

IJU jl /^^^^^,...t,ll j^Ul Syfc^lj ^jUap jj^^ ij-,-*-^! .^!A^I jUJjll DIIa JJLp jiSj 

.jJls' jllll j^l ^juI ^ Jjj^ ^UJ f\yJs>j^ cJlS" A--^ ^ybj tij-5'^^1 ol^l 
^_^ 3^^ j^^*.-*jJl ^L»i jj^j^l j2;jJLa J->^ ^JjJ ^^jjft.llaj JJIjJ OlS* JLii t JjuaJLj 



M. A. Alonso, «Aven'oes observador de la naturalcza,» Al-Andalus, vol. 5 \j b >< ( ^ T*\) 
(1940), pp. 215 - 230, and M. Cruz Hernandez: «El pensamiento de Averroes y la possibilidad 
del nacimiento de la ciencia modema,» paper presented at: Adas del XII Congresso 
Internazionale de Filosofia XI (Florence: [n. ph.], 1960), pp. 76 - 77, and Ahu-l-Watid Ibn Rushd: 
Vida, obr a, pensamiento. influencia (Cordoba: [n. pb.], 1986). 

F. X. Rodriguez Molero, «Origina]idad y estilo de la Anatomia de Averrocs,» : ^1 ( \ T V) 
Al-Andalus. vol. 15 (1950), pp. 47 - 63, 

Esteban Torre, Averroes y la ciencia medica: La Doctrina : J— ^-5 j-« M_JLj»-j^^t c .<tji li J— J' 

anatomofuncional del Colliget. Ciencia y tecnica; 21 (Madrid: Ediciones del Centro, 1974). 

Ibn Rushd, Kitdb al-Kulliyydt, edition critique par J. M. Fomeas et C. Alvares : \ — i.^— jI j b ti 

Morales (Madrid: [s. n.], 1987). 

Leon Gauthier, Ibn Rochd (Averroes), les grands philosophes (Paris: Presses r^JaJl (^YA) 

universitaires de France, 1948), p. 5. 

G. Sarton, «Early Observations of the Sun-Spots?» his. vol. 37 (1947), pp. 69 - : ^1 ( ^ T \) 

71; Aydin Mchmed Sayili, The Observatory in Islam and Its Place in the General History of the 
Observatory, Publications of the Turkish Historical Society; ser. 7, no. 38 (Ankara: Tiirk Tarih 
Kurumu Basimevi, 1960), pp. 184 - 185, and Bernard Raphael Goldstein, «Some Medieval 
Reports of Venus and Mercury Transits,)) in: Bernard Raphael Goldstein, Theory and 
Observation in Ancient and Medieval Astronomy, Variorum Reprint, CS 215 (London: Variorum 
Reprints, 1985), XV. 
Claudius Ptolemaues, Almagest, IX, 1 . ( ^ T « ) 



rAA 



J-J j^j jJlpt J^ ^ t J->--; f-iS*^ o^^ t*^>* '-^ cT* J : ^ * ^ : Jt^" <^^ 
jijlkp ^ S^ jt ^^1 cL^ L-^l^ I^.U> LJy ^^1 ^U ^j /^^^^^j>Jl 

^_^Utl Ld^frj^ ^J-*J-'^ ^-*-^ ^jUajJ (1)1 JLiiAj oSf ljjSJl\ jj jil Aj>«^ ^j^^^ t^l 

dj^\ J ^JiiSfl ^^^i^i j,-^! .^^..^1 f^Ul L-^jj^ ii^^ Ot JUL ^/:^^ ^ cL^ 
JJIljt ^) iLLsai ^Ij (f.\ \n „ \ OV Jl^) ((Denia) 4Jb iiiJL. Jl 2^) jljJI 

yl t^jL^ c((^>dl) c^jlJUJI c^SyjjVl) «j,-,aiJ.l» dJLUJi ^ JU ^j 
:iJVl ftJUb J^^ A1JLI.J .iic-U-l ;>^^uL^! ^j ^HJ^'^\ J v^ t^JJl (jljJl iaJUl 
g^^.Jl ^1 ^^^ Juy ^\J^\ oki^ till! jjjJl iJUb ^ ijUJl ,_;^l ^ S^^^l 

tSUi ^l ^jJb- ^1 <^ JjlJbr :X.S^\ ^\ ^j JjSj /^^^JLk. I4J 4U,?,„ll 



Nut al-Din Abu Ishak al-Bitruji, On the Principles of Astronomy, an edition of the (\T\) 

arabic and hebrcw versions with translation, analysis, and an arabic-hebrew-english glossary by 

Bernard R. Goldstein, Yale Studies in the History of Science and Medicine; 7, 2 vols. (New 

Haven, Conn.: Yale University Press, 1971), vol. 1, pp. 123 - 125. 

Richard P. Lorch, «The Astronomy of Jabir Ibn Aflah,» Centaurus, vol. 19, ^ jJi-Jl (^tY) 

no. 2 (1975), pp. 85 - 107, and <Jabir Ibn Aflah,» in: Dictionary of Scientific Biography, vol. 7, 

pp. 37 - 39. 

Kennedy [et al.]. Studies in the Islamic Exact Sciences, pp. 481 - 489, and \j—^ il (^T'r) 

Comes, Ecuatorios - andalusies, Ibn al-Samh, al-Zarqdlluh y Abu-l-Salt, pp. 139 - 157 and 237 - 

251. 

Vemet, «Un tractat d'obstctriacia astrol6gica,» pp. 273 - 300, and Toomer, \j Ja ;i {\Xi) 

«The Solar Theory of Az-ZarqM: An Epilogue,)) pp. 513 - 519. 



rs\ 



ti^U-1 j^l ^ fj\^\ , i„n:\\ ^ iOUi* i^jJL^ i.U^ jU5 j_^j 

t^ d; . ^' J J^p- <li^^ ^^j : « llfa> jtjJLS; ^JLaS" ^W.u'yli ykUa^ (j<^ **-^ (5^y^ c-Jl^ 
JLs<»jJLJ (jell IJl* aJUp ^^ jXsr wi^aj ciJli i^jj- ^j .jS'Jil jV^ ^^^^1 ciJy>JVl 

4^^^''^«Torquetuin» c-»>Jl ^ o-.^ ^1 ijSOiJl i35U liLwl !)\kjL; o! U^15L.L 

^^ IJl* ^|^L,tf)fl c-»li^ c-i^ JLilj . (Theoreme de Geber) «^b»- o^^^j ^UJl v.-^^j 
JJilj . o^^j^ Cj^y iy^J ^J^^J^ J^ Jji^ ^ f ^ A-lJtAJI Jl i^y J-^ Ljjjl 
Jl*j jiidl 41* j»-^li .^^ *^l^l 0^1 ^y JlJLul OjjjVl AjriJ^l ^y L)Ip ^Jb jl^ 

. ^j>yl::ijjij-a^j3 De triangulis c-jIiS* j JLva>* j-i*> t oliiill 

^>Jl ^_,JUi OV dUi tJbuI ^U i^^ j,-«^l IJL4J t^jjjVl gjU^T.^Vm ^2r^ 
JLp ^ ^ ^^ ^^ cT^' oliA^l iJUL- *\YA* 41m» S^USCj IjJL»ai-.1 jJ jJiUJl 
ii^ c^^ jliJl l^y^\ ^ j^xLt Jl ^i^Ik^)!! I— ib^ J^i JLii 4{^^I 4-»-lJ ^j .oliliil 
. aJU^ VI A^b^Jl Ajijt /c»-ljj ^ji) (^Jul 0^^<«^ (V( JL.«Ju c <I)^w.w ^ l-^Ji; (!;{ cjL««jj 
i-Jai fl^jl ^t.^ (^i^l yLp v!Jl*Jl J^l ^ jJL.i ^ iijyw- *«jI::^1 li> Ol^ JliJj 

(^ibUl j^l o^ t^JJI jUij^yi juj - 4^Li^l dULill jJlxJ cjL*-^1 j^^I 

jjjl jLt»! ^y oiJ^^ ^ "^ tdjJU9jJa--jS/l 4jL-.!>tiJl aJ ^yl*--- (5^ OjiJl IJLaj 



Noel N. Swcrdlow, <Jabir Ibn Aflatfs Interesting Method for Finding the \j fe ;i ( ^ To) 
Eccentricities and Direction of the Apsidal Line of a Superior Planet»» in: King and Saliba, eds.. 
From Deferent to Equant: A Volume of Studies in the History of Science in the Ancient and 
Medieval Near East in Honor of E. S. Kennedy, pp. 501 - 512, and Toomer, Ibid., pp. 513 - 519. 
Richard P. Lorch, «The Astronomical Instruments of Jabir Ibn Aflah and the :JaJ\ (WX) 
Torquetum.^ Centaurus. vol. 20 (1976), pp. U - 34. 

E. Ausejo, «Trigonometria y astronomia en el Tratado del Cuadrante Sennero \j)kj\ < ^Y'V) 
(c. 1280),» Dynamis, vol. 4 (1984), pp. 7 - 22. 
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j^\)\ iiJLL^ Ui-l-u.. ^Iji Ji> JUJJo ^JUl ^_^UkJl ciJULiJi ^ ^^ ^^j-^ ol^Vl 
.35^1 ^^^^\ ol^l fUiJ Jl s^^l ^ v^^l ^ ^^^*j U^ '^^-»^i ^^I t>j 

J^Uill JJLLJ ^ 1:^1 *yi cKaJLj^J)) 5^ l^^ jj^ U^jJ Dl^ J^ (y\j a^L ^1 
^1 Jl 4., ■•JLi L.I . v'-*4^ oUj-^l jjUjo *y ^j^ Uj tiUipVl IJla c^" ^^^I 

(^^ >t|) s^^i a;Uj^ ^ ((.^ \An Aa.) JLxj UJ -c53 c^>.lkJl ^ilUJl jJUJ SUl. 

^1 jlS' JjOi . ,>u^l dlLiJI jJUJ iijjdl olilLJl O^jJb \y\^ ixi^^\ «.N>& jU 
jL-J^l jl UajI Jlilxj 4<_^i:^i 0^1 ^ jJa:ii ^1 ^^-UslJI jj^l jL ^^\ cOj^*-^ 

JtA^L JUiP-VI ^\zS ^J ^o,UaJl ciiUll pJU SpU531 ^4.t.u., (»jLi*i^ bl^ t^uVl 



A. I. Sabra: «An Eleventh - Century Refutation of Ptolemy's Planetary : j I2 )1 (\Y'^) 

Theory ,» in: Science and History: Studies in Honor of Edward Rosen, edited by Ema Hilfstein, 
Pawel Czartoryski and Frank D. Grande, Studia Copemicana; 16 (Wroclaw: Ossolineum, 1978), 
pp. 117-131, and «The Andalusian Revolt against Ptolemaic Astronomy: Averroes and al-Bitruji,» 
in: Everett Mendelsohn, ed., Transformation and Tradition in the Sciences: Essays in Honor of 
I. Bernard Cohen (Cambridge; New York: Cambridge University Press, 1984), pp. 133 - 153, 
and Francis J. Carmody, «The Planetary Theory of Ibn Rushd,» Osiris, vol. 10 (1952), 
pp. 556 - 586. 

Mosen ben Maimon, Sanctification of the New Moon, translated from the : j__la )l ( M • ) 

hebrew by S. Gandz, with supplementation and an introduction by J. Obermann and an 
astronomical commentary by O. Neugcbaucr, His the Code of Maimonides, Book 3, Treatise 8 
(New Haven, Conn.: Yale University Press, 1956). 
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aj^j t^JJi ftUVl ^y j^^l x^j j^ ^_^ ^UiJ ULs^ Jl J-^jJ ci^JJ^ y^ (Jliil 

oL ^,:iaiii juii ^ iou^iiJi 0^1 ^ ^isai «jjSii ii^u J b^^ ;ijL-ji 

j^ Ljl^ aSj:>- : «UVI 2L^Uu ol^^ Ji-Jl ol^l Jl Jij «JjSfl ii^l» 11;^ 
l)L jJl-j 61 c,->j . c3^^1 Jl ^jj«JI ^ t^j^^ -^ «w— -^ ^j^j Vj^' <il 3,r*^' 
Jl JiLJ - ol^>l J^ 0?^ 0^ ^^b (^y^lj {>-^" <y^J - ^^*-^l s^' ^^ 
. JjSfl i]^l jj> UJbo M^jl LJL5 likj ^U jiS\ oL^^ 2^j ^i^^l ol^l 

'^j^\ Ol^ J^l i»^^ c-..^ ol^>lj ;i.lJLll fj^l S>J oj^Lil l£y^ 

^ yJaX^C c^-^' («incurtatio» ijL:!>ULj t «^j.^ttrJi>) ^tjSCil jl ji^>^^ i^ ^y J^^ 

aJL^ ^^j t l^JU- 4J\X«^> ^1^ i aJL-^ C-Jl^l IJLfc r-^^ Uaj . AijL^I A^^i ip^y^ 

flJL* ^jjLj <jl ^^j>Ji JjUj . j^^^i oi^i Jl 0W.I1J1 6^1 ^ ;^^i jUiJi 

JLp 4jJtJ aJL^ ^^ J>.ir SJLSli 4 JI^Sll J^ ^y tU-f) j2;JjUi-.I Jj^ ^ SykUaJl 
Jl ^UVl dJJ ^ Jjl (Duhem) ^^j^ d\S jlS3j .^j^l ;^>1 ^ ,J^\ a^>1 
aJJLI» OjJiJ jUJil iJu ^ ^>^ ^j^^iiJl jI Ji^Vj t^^^JfjLcL^Vl ^^U Jjl 
OU- LjJKJ- ^1 (neoplatonicienne) tl^JL^Jll jjJ^^AiVl aSj^\ JUl SJiibJl (impetus) 
^^JUI «(^^^1 JJI* p^-JJ ^Jeuu JUJl jl ISj : ^^LJU ^^^LJI j^l ^J Oyl^ 
^^ iS*^! jLaiil J J ./iTJ ol IjiC^j t-uib ^^r*^ ^L^ii* l^ll* jila:^ jl -U^ **3i J-^'^ 
^ jliJi -u^lj /^^^^>S/I ,>*JI ^ [4JUU SUi::^ jl^ Jb ,^::^ iijL^I ^»^' 
jj^l) t^ilJUcJl oir^l _^l cJj-JUJi j^ J-^Vl j^ j;\j 4 j^t^ljJ ^Li> UajI 
o^ J>^' Ji> <>^ ^JL^^l Jl <3UpI cJU-il t^JUlj (jJLp Jli3l j^l - yLp t^iULl 



Edward Stewart Kennedy, in: Speculum, vol. 29 (1954). p. 248. : Jiil ( \ H ) 

Goldstein, «On the Theory of Trepidation According to Thabit b. Qurra and : j^\ (MT) 
al-Zarqallu and Its Implications for Homocentric Planetary Theory,»« pp. 232 - 247. 
Pierre Maurice Marie Duhem, Etudes sur Leonard de Vinci, 3 vols. (Paris: A. : ^JoJl (Mi) 
Hermann, 1906 - 1913), vol. 2, p. 191. 
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^JLlI (^y^jj]aJ\ aiP ^ iuJKJij) «t3jJtJL» tjj^ AjjU.Jl ol^^ oyljJl iS"^! jl 

^jAj U cJj ^ J^s^ji J>:^^\ S^l ^ ^3>- J5 (1)1 ^ -c^*?:^^ V^^ J^^ ^IJ^' 
5^1 ^^^>^ J. .,■■■11 11^ .L5>>- Nl Aij-i ^L>l ^,U:,„. "!>U c J^Sfl S^l ^ .^ 



Jl iliU Ijliol ^^.ijyS/l jJ^:^^! c^ uilJj^j c^^y^^.i Jl aJU ijisal (Lucrece) 

(jvj oj jtiinj l^ls* (jyLiil (1)1 "^is" ^j^jJLjjL* J^ ^iSy^^ H^ <yj 'O^j^^^^^ 

iiJUf JL.>^ i^j . L^ijil icr^^l ol^ ^>^ V ip_^-^ i]^,>^- L^Sf L-^l^l 
tSj^Jdl U^LJl S^l ;s'^ (1)1 .JLij ^^1 aipj t^jJL^L-^l jjJ x^ Lj-^ jl5oVi 
^ Ul *i]jUJI j^ tjUl S^ ^^ l^ip gii, .^.^ ^i ci^U ^U Jl UajI Jii:J 

tj^lj ail ^ ftJL* j_j>-jjiaJl AjjJijj .j>=^'j ^' *— '^^J r^^ W-^ ^^ *'^' °J^ 

t^JJl t(f ^Yr• J.U J^l) Jjjdl oL^l ^N c-j^^l j^lj all c->lir ^ Sj^ju 
jj^ J^Jk> Jp v^l^l ii>x::^ "^-c^ ^i^J^' «-^>^ roUJl oJLa (1)1 aJLs^VI iia>.^L 

*-- t ^^ t i^JUL^I ^^^^-JLkj oLk*I L>»^ Ul JL;i»l*^l Jb>cj L*j . (90** Al^ L^l^ 
J...*!^! JLij .0^1 cJa3 Jj:^ t^^J^I ■ii'^Ai^ 'i^'^' 4iJL>Jl ^UU^I i]^^^! ^j 

S^b cilj.>«Jl ol^y-Jo 7-j-iJ a-.a-sa>Jl1 i-j-u-jLi^l -L>-SL«J ^ i^Ui^ ^>^ (i^jj-^' 



Samso, «Tres notas sobrc astronomia hispanica en el siglo XIII,» pp. 167 - \ j U ;i (Mo) 

179. 

Martianus Capella, V>e nuptiis. chap. 8, p. 853. (Ml) 

L. Martinez, «E1 Kitab al-madd wa-l-yazr de Ibn :_! \JA , .J^\ a^j.iA\j ;^.,»^'Ji (MV) 

&\'Z£iyyat,>>m:Wtmci,ed.,TextosyEstudiossobreAstronomiaEspanolaenelsighXIII.^p. 11 1-173. 

L. Martinez, «Teorias sobre las mareas segun un manuscrito arabe del siglo XII,» : t ^ ^ j ^ '^ 

Memorias de la Real Academia de Buenos Letras. vol. 13 (1971 - 1975), pp. 135 - 212. 
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^y^j^^l 0\]iu ^^ Jli . SJbjULI ^SUJl tlh *^\jj JjlJbr t-iL.:^-! Jl Jb-t J-*<»j:^ 
«ly tlDJU . Mj^ LjI^j L-UaJ 01^ ^Sl t lfl>-t ^ A-^j ^1 P^^A1\ ^ Usii U>,*«i4 

iS"^! jJLp CjI^u 4^ J^ 6i l'.wlfl?.«»l JLiJj ^(^JLJLiJl <_ij-JLiJl IJla «-* iiil^ 
^y JJL^. i^JDl <^L ^V yiUl ^ ^"liJl Jl i^^^ oi ^Vl IJL> dl . j>i»!)Ut^l 

c4j (j|ljUJl jj-^P-^ ^ <^,^:cM ^^ oUJj^ jJLp Jp OlS" ^[j ^\ d\ J-A-^ . 4j.L.Utll 

cT^ o^ .rrHJ 'tP^ >^-~* J^ ^Lm^SII JJiiu yl\iJSj i^J^\:A\ LfJJ^ ^1 aS'^L 

^ (jlJJl jj.,rt ail ^>fA^ ^ 4jL1iJI ^jiuu JUjmJ «»l-->- tioljJl SjiJJ 6jj-*aj ^ (.^*^ 
^^ia— jl jlS^I Jl I3U»1*J t • JJ^I* hj^. (J^^ ^ *^^ u^^ ^ o^J • V^^^ •'^J^^ 

j,^^ ^1 (Fonnule soustractive) «i^^l Aiu-^l»j JJi 4j\ <iJLlS 4f^yill ^y *V«t^ 

V = P-M 

^^1 jai3L j] Oj^L jLc: ^yJl i*ilJLJl SjiJi ^yt Pj ^jJLJl ^Pj-^ ^ V vi.^ 

*^ L«U--Jlj . cili^ j! (^>JI <)^ ^JJ-^, 3^ c5^^ J2--.jJ! ojli* ^_^ Mj /•— >Jl1 

ip^^ D^^^lii cV = P dj^, J^^J tM = ^fij^l <y ^->J c)>^ ^jj-^^ '-J^ 

.^jJl 4jl5ii >.L jl JSLIj jJLic; ^^I tpM-^ *Vh^' ;pj^I» ^ JUl J»^^l 

iS"^ Jl -^j ;^1 ffc*>Ad ^L^ jl J*^^ (jj^- *^Jaj rr^ t^ ^(Sj^^ H^ o*J 



A. Cortabarria Beitia, «Deux sources de S. Albert le Grand: Al-Bitriiji e al- : jJi_JI ( \ i A) 
Battam,» Melanges du I'mstitut dominicain d'etudes orientales du Caire, vol. 15 (1982), pp. 31 - 
52, et R. S. Avi - Yonah, «Ptolemy vs. al-Bitruji: A Study of Scientific Decision-Making in the 
Middle Agcs,» Archives intemationales d'histoire des sciences, vol. 35 (1985), pp. 124 - 147. 
Nut al-Din Abu Ishak al-Bitriiji, De motibus celorum, critical edition of the latin : 1 ..A \ ^ la H 
translation of Michael Scot; edited by Francis J. Cannody (Berkeley, Calif.: University of 
California Press, 1952). 
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o^ iUJi J^ 4tf^.liT jX^ lSj>JJ (lJL>-1j) UU' j^^T^ Lij^JLi d\ Jp Jjb IJlaj 

(Duns OjXu* ^ij (Thomas d'Aquin) ^JJji'Vl L»y jLSCit J^ o^l Jjj t JLij ^^1 
Oj^l ^ L*JlJU<>I c 1 ./*j ±a}j . (scolastiques) Oh-^j^J^' ii^tAjiJI ^ ^^j Scot) 
^jJJL- c(Borro) jj>jj (Benedetti) t^JLL* JUl.1 jj u^\^S ^^ Jl j-i-<^ ^j^iLJl 
Jl A^) ajj*JI S^L ojjjJlI ^L^ ^ ll^J.\ ^ (1U3I Ijla o1 Ljjyfcilj .^j^jJl3U 

U^ ^,^1 J^sJ. uy*-->- Ot ^ jKiVl .1^ <ij^l ;.j»^l ol . l^jJLlj j,-^ 

JU-j c-iUb*-'^ ((►WAi . ^YoY) pUil ^>Jl UjuipI ^I i^L-Jl ^ jj^^i Jp 
cULlil 61 v-.-ii.^i ^>il J^iij .f ^Y^•^ fU (Murcie) -u--^ ^^jb;-! -Uj ^j^JLil ^i 
JJL* cIJDJLj J-J ^ (H-^J ^ A.j.>^j.^ll L)j-iiijo ^"i-Jl /JLiJl Jb»-jJ oLfc c-pLiLSLi aJj 
ilL-jJ LILlUoJI Ajf^l <»^\j^ Jp JU-L-i (_5JiJl c (Bernardo el Arabigo) (^^l j-^jLl^ 
t >^.^H Lii .^^YVA *Lp j_^jJ.j_j ^J i-^^j^ i>^' (azafea) Afm^L^M dy^ J^ijjJl 
<_j^' ur^>^' cT^J -^ * Jyj^' "^^^^ >*-> V^b ^^ '^?r^ ^jH ti^' cr^^J^'-> 



Shlomo Pines, «La Dynamiquc d'Tbn B^a,» dans: Melanges Alexandre Koyri, : JiaJ\ {\i\) 
histoire dc la pcnsec; 12 - 13, 2 vols. (Paris: Hermann, 1964), vol. 1: L'Aventure de la science, 
pp.442 - 468; Ernest A. Moody, ((Galileo and Avempace: The Dynamics of the Leaning Tower 
Experiment,)^ Journal for the History of Ideas, vol. 12, no. 2 (April 1951), pp. 163-193 and 375- 
442, and Edward Grant, <cAristode, PhUoponus, Avempace and Galileo's Pi&an Dynamics,^ 
Centaurus, vol. 11, no. 2 (1965), pp. 79 - 95. 

Rachel Ari6, L'Espagne musidmarte au temps : jjiil t »-»kJlj a^UI jjL: ^ oJL i}j>- ( > o • ) 
des Nasrides (1232 - 1492) (Paris: Boccard, 1973). pp. 428 - 438. 
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L-^li^j c^l j^ -O^rjVl 4^;4^L ;L.^I oJJL /l5jli L^l L^ ^JL*i. Cjt .^IkJI 

^ A*i* J>.il JiJLi , ^jJUJl (JU j^ j^\zl\ ^jiL>u UU-1 o>U^l ftJL^ Ol^ JyaJj 

J-J ^ Ja >:.>J cJli" <.^-J.lj Jl (Sexagenarium) i-SCii 5jf *\fco • -LJl ^y U^jL 

V-^) « jllk- v^W»j (<-r^lj5aj ;kljdl ol^>l ^,) 8^_^ c-Jbr» ^ li^l^l 
JjL-^ LiLj ^ ol I^tW.^1^ ;>^^ c (sinus) t--»^j*>JU a*iwj Jp c5^^ (olllill JLp JJ 
jLji-1 IJla .Ju^ ^\ 4jL-^lj .i^l^l oViU> iJbt ol Iris:..^^ ^1 oUJdl ^ 
^JL^l iJL-^1 •!* ^^-:l»:j t v^-^Ij V^V'j V*^^^^' oLif^ '^j-^j-* ^^^ 
}^'^\K^\ ^ g^\ jJaJI Jli:;! ^y^ ^Lij^l oNU-1 oL>l 

rj^ Jl ^jJbUl jLi:*-! OjJL^ UIp 1^15" t Cj^Ij J**- US' t ^JLJ! JU-j jl ^ 

^* ^>11 Jl jlkJt ^\ j^( ^U*JI jIU ^U yLp clJliJI j>il ^ . iii>J.I >UlI 

c^>il ^.JJI ^ ^/liJl Ul .^^YiA fU ^_^- .1^ cjJL^i Jl l^tj 4^,^ Jl 

(»U1! ^ (Baza) o-b ^ ^_^_^l «tijL^diii» ^^J\ <JU ^y» >iJJ olU ^IJL^ iiL- 
^^> c> '>^ oi-^' r^* J^J '^-^ -^^J .^UAn ^U ^>' ^ J^Ij ^\i\\ 

^JUj tA-;i>- ti^ ^^y^^J ^iscj-i j^,^ fjLi jLiij .<_^i ^^^jJi ^^jl;Vi ^^jU- 



Julio Samso, «Dos colaboradores cicntificos musulmanes de Alfonso X,» LMl, : ^1 ( \ » \ ) 

vol. 4 (1981), pp. 171 - 179. 

Ribera, «La Ensefianza entre Jos musulmanes cspanolcs^ vol 1, pp. 229 - 359. ; jJiJl (^ ot) 

M. C. Barcelo, Mmorias islamicas en el pais valenciano: Historia y dialecto :^ Irt ;l (^ dt) 

(Valencia: [n. pb.], 1984), especially pp. 102 - 104. 

Lynn Thomdike, «Sexageiiarimn^> his, vol. 42 (1951), pp. 130 - 133, and \j^\\ (\ o 1) 

Emmanuel Poulle, «Th6oric des planites et trigonomfetrie au XV* siidc d*apres un equatoire 

incdit, le sexagenarium,» Journal des savants (1966), pp. 129 - 161. 
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pLj 4.Jlp L^ t-jjLiJi t_-pL*i:?-l (f^WM _ \T*'\) j-^ olLJ 11 JLpj JjIa ^^ 

jliJi J-o-st ^_^i ^^j^ ^-^' ajjJjJI l_*^ j^j-^-lil frlj^Sfl ^ ^^j . A^SCLiJl «— >lj^S/l 
*-Ui-^ l^^ksA^ A*^ Jji iljlS" <:i^ ciXUJlj w»L^l ^^.jL^Lj tJyJ^l jLS" ^y. ([its' (^JJl 

(Reflux de la « V-J-^' a_oj-JI ^IjUjIu y:^ UL L--jLp UU_«; ,_^I S^^LUJl JJ 

4^^^- -M LJU^I ^_^ 6JLj(_4 a-.«JLp iilii ol ^ LiJJLi Sj-ftUaJl eJi-Aj . scolastiquc) 

4 Jbo U-i aJUjJI l^jil (^ A^L* ?y^ U-^ "Jj^^ (_r^^ iS"^! aJu . 2uJLJ.I i^U^-i 

^ JU^^^w Aj^I A^kuJ jLJ^i IJUb ^Jj .yLp t^liJi j_^l AjIJU il.. C^lliajl l^il jJLj 

^^ln ^^''^^^^JlI oLkJLJLJ c«5JLiJJrl» :c5^^^^ cT''-* »J>^^ cr^ ci^' J^ t^'J-..^ 
jj cits' ^\ tiUj Jl- c Sjj^bJl A^j^ ^^^*— '^j^ ^rr-^ apL- ^yrj aJ151*Lj ^^^^^1 ^w..^ 



Roser Puig: «Dos notas sobre ciencia hispano - irabe a fmales del siglo : IfUi^j IfiJti' jj^ail IJl^ 
Xin en la Ihaia de Ibn al-Jatib»» Al-Qantara, vol. 4 (1983), pp. 433 - 440, and «Ciencia y tecnica 
en la Ihzita de Ibn al-Jatlb: Siglos XIII y XTV^) Dynamis. vol. 4 (1984), pp. 65 - 79. 
Garcia BaUester, Historia social de la medicina en la Espana de los siglos XJU al '. Jitl\ ( \ d 1) 
XVI, pp. 21 fF. 

Georges S. CoHn, : ^^ ^1 .^L^l J-SLjlJL Uw^Ij ^ . ..l*^! ^1 ^ o) (\ oV) 
«L'Origine des norias de Fes,» Hesperis, vol. 16 (1933), pp. 156 - 157. et Puig, «Dos notas sobre 
ciencia hispano - arabe a finales del siglo XIII en la Ihdta de Ibn al'Jatib,» pp. 433 - 440. 

•Oi^ ^ Jlv-^ (UA) 
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4(^L^yi pXi-lc-/ CjA\ «Jla ojlp Uxp ((Alicante) _ cJ^UO cJt^LL^ ^ ^^^1 

^ J-,j>dl (^1 jL^Vl ^UJIj JLw (-ilJJjVl* l-U J^ iIV:» ^1 Jill Jl 

<-— 'J-* j_^ J>*j^' (i^' (j^' UJLlt j-iUJl jj-JjiJl Ol n^-*Jai-l jjjl AjIjj v_ .>»i 

^ t Lf--ii ftj^l JjJaj J^^l •UJj . i--»!AiiJl Lf-i (Jbo ^^ 'i-^jJLiJ J j^ c (Murde) 
.ii?Dj^ ^y <m^Jl: p..W;:! ijilll JSL-jJl t^yjJ^ UojI t^Ji (^JJI t^WI JUjt JJ 
i^U Aj— jjJJ i— -ij^ *^l^ ^ ^ X i aUJI j_^ jJiIjJI j^jiJl J^>^^^ t (^^' M^ ij^J 
JjSfl JU^ dJULU j^Ji^ ^Sj JUx^^/I <aj^ jV^ jj^j . <X..t} ^y (Stodium generale) 

,_j.^l- ji fl^n^ fUJt ^ Ci^- i^i-i^l ajL- jsitj j^Vi *Ju^ j^ .;i.u> ,±ll 

^j t<l)lj^j <i.,.>-U-l> J-i ^j^ <i»Uj^ ^ «i--JL»JU j! <L»^.^;ii i^i-u*jjl i--ijjdU 

cj\ -jil Jjt t5j_^iil LmjJ1\ jj5j ^t J.U4J i^^'^'^i^L^l J-^I ,j^ i-JU w^-i 

t AjUl *}i', I'tj . L^ ^ji Jii <wiiJI ot JLpti 1:jS| ;^jl:S|| ^ f>JLJ' ^•^JL*iJ i-^j5^l 

. ii»LJ^ ^ c«^ji ^l i-JbJl aI^I iup^ J^p- Jlj-i^ rAi *'>=!r^' •'J^ <^j 

^^1 ^Ju cjIiSCJI IJL> ^ .(R, Puig) A^^ .J l^ i^iJL^ ^1 oLkxll *JL> t(.-JaiLl 

^,.4::^ lj.4JUii ^^Ul iJLP jl t^^ tftJUfc 5j_^ill £V Jl ^^-^1 J-^U- ^j .^^ ^^ 

.(,.>rM- \YAT)djJ ^>iij (f^rAi . \^w jUaJi o^' ,/*-» /^ '^^^^ r^j 

Vi ^> ^Ati»^' ^^' r^ «/ J^' *-^-J^' >* k'^% kj:S\ obyil ^U-l ^L;^ 

H. P. J. Renaud, «Un chinirgieQ musulman du royaume dc Grenade: : j U Jl (\6\) 

Muhammad A5 - §afra,» Hesperh, vol. 20, fasciculea I - II (1935), pp. 1 - 20. 

L. Seco de Lucena Paredcs, «EI ha^b Ridwan« la madraza de Granada y las : jJoJl ( ^ 1 • ) 

murallas del Albay2m.» Al-Andalus, vol. 21 (1956), pp. 285 - 296. 
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^l tuUjJbtiL c— J U lil 4l.r./> ^^jLnJ L^j^ tc_-JLSCJl Lj. /►IS ^^./rWJi o*>lil:j 

isUa^jVl oIJlj ^j JuJl IJu jjial 4^ ^ ^c)J>l 4 aJL jlkJl ^^^Li . ^llS^I IjLa ^ 
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